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|. INTRODUCTION 


INTRODUCTION 


THE CURRENT INFORMATION on sources of re- 
sistance to various soybean pathogens is 
scattered and often is contained in progress 
reports or similar publications with a 
limited circulation. Obtaining information 
about disease resistance in soybean acces- 
sions may be difficult for soybean breeders, 
plant pathologists, and others—particularly 
in countries where soybeans are a new or 
expanding crop. The purpose of this publi- 
cation is to provide a practical reference 
for soybean breeders and plant pathologists 
and other agricultural specialists working 
on crop diseases or engaged in teaching. 

The publication will be of assistance to 
agricultural workers in areas where the soy- 
bean is a new crop or one introduced re- 
cently. 

The soybean accessions (U.S. cultivars, 
Peuepuiral., Ot forelen: Strains) are listed 
alphabetically or numerically by maturity 
group (MG) from 00 to X. The U.S. soybean 
collection is divided into two parts. The 
curator of the northern collection (MG 00 
to IV) is R.L. Bernard, USDA-SEA, Department 
of Agronomy, University of Illinois at 
Urbana-Champaign, Urbana, Illinois 61801, 
USA. The curator of the southern collection 
(MG V to X) is E.E. Hartwig, USDA-SEA, Delta 
Branch Experiment Station, Stoneville, 
Mississippi 38776, USA. 

Over 100 pathogens are known to affect 
soybeans, of which about 35 are of some 
economic importance. This publication con- 
Siders only 19 diseases caused by 11 fungi, 
2 bacteria, 4 viruses and 2 nematodes. 

There is little or no information about the 
other pathogens. A brief description of 


the importance of each pathogen with a de- 
scription of symptoms and a photograph of 
advanced symptoms are provided. 

Generally, one or more diseases can be 
found in fields wherever soybeans are 
grown. A specific pathogen may be very de- 
structive one season and difficult or im- 
possible to find the next. Many pathogens 
require a rather specific environment in 
order to initiate an epidemic. Further in- 
formation about the diseases of soybeans 
may be found in the Compendtum of Soybean 
Diseases, published by the American 
Phytopathological Society, 3340 Pilot Knob 
Road, St. Paul, Minnesota 55121, USA. 

The literature search was completed by 
O. Tisselli, Instituto Agronomico Campinas, 
Brazil, while he was a graduate student in 
the Department of Agronomy at the University 
of Illinois. The work was submitted as a 
portion of his Masters of Science Degree. 
The draft was edited and typed by Roxanne 
Cross, Clerk-Typist, Becky Freese, Clerk- 
Stenographer, and Vicki Toews, Clerk-Typist 
in the UIUC Department of Plant Pathology. 
Publishing was handled by the Office of Ag- 
ricultural Publications, College of Agri- 
culture, UIUC, under the direction of 
editor Robert E. Smith. 

The authors wish to thank Cecil D. 
Nickell, Associate Professor of Plant Breed- 
ing in the Department of Agronomy and Robert 
M. Goodman, Associate Professor of Plant 
Pathology in the Department of Plant 
Pathology, UIUC for their helpful sugges- 
tions and advise in preparing the sections 
on Phytophthora root and stem rot and viral 
diseases, respectively. 


Il. FUNGAL DISEASES 


BROWN SPOT 


CAUSAL AGENT: Septoria glyctnes Hemmi 
IMPORTANCE: Brown spot, known also as 
Septoria brown spot, was first described in 
Japan in 1915. The disease was reported as 
being in the United States in 1922. Brown 
spot has been reported from the most South- 
ern and Mid-Atlantic Coast States in addi- 
tion to all of the North-Central States, 
where it is prevalent. Brown spot also has 
been reported from the cooler, soybean- 
growing areas of Brazil, Canada, China, 
Germany, Italy, Japan, Korea, Taiwan, the 
USSR, and Yugoslavia. The disease can 
cause premature defoliation and some loss in 
yield. Brown spot is most severe when soybeans 
are grown continuously in the same field. 
SYMPTOMS: Brown spot is primarily a 
leaf spot disease, although seeds, stems, 
and pods of maturing plants also are in- 
fected. Irregular, dark-brown spots— 
varying from minute specks to areas 4 
millimeters in diameter—appear on both the 
upper and lower surfaces of unifoliolate 
leaves. These leaves quickly become yellow 
and drop. Adjacent lesions frequently 
coalesce to form irregularly shaped blotch- 
es. Numerous lesions that are irregular 


and light-brown form on the trifoliolate 
leaves (Figure 1). The color of these 
lesions gradually darkens until they become 
chocolate to blackish-brown. When the 
weather is cool and wet, the fungus pro- 
gresses from the lower to the upper leaves, 
generally being confined to the lower two- 
thirds of the plant. Late in the growing 
season, leaves become rusty-brown and drop 
prematurely. 

Brown lesions with irregular shapes 
and indefinite margins form on the main 
stem, branches, petioles, and pods. These 
lesions range in size from small specks to 
areas of several square centimeters. Symp- 
toms on these organs are not sufficiently 
distinct from those of other diseases to 
be diagnostic. 

RESISTANCE: Differences in suscepti- 
bility among cultivars and plant introduc- 
tion lines have been recorded, but no com- 
mercial cultivar with a high resistance has 
been developed (Table 1). The evaluation 
of cultivars and Plant Introductions for 
resistance to S. glyctnes is not complete. 
Lines giving a resistance reaction in the 
greenhouse may show a susceptible reaction 
in the field, and vice versa. 


Figure 1. Septoria brown spot. 
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leaf lesions by Septorta glycines. 
scattered, small spots; (RIGHT) larger, coalescing spots causing lesions. 
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Table 1. Brown spot (Septoria glycines), reaction of soybean cultivars and of plant intro- 
ductions, by maturity group 


Reac- Ref. Reac- Ref. 
Strain MG2 tionb Test¢ no.d Strain MG2 tionb Test¢ no.d 


BLACK EYEBROW Il R F 15 Pale Ley92g 0 MR A a 
LEXINGTON V MR e is, 200595 0 R A 2 
VIRGINIA NO. 12 V R F 15 90567 I MR A * 
LAREDO VI MR i 15 65338 I] MR A “ 
TARHEEL BLACK VII MR F Ta 68708 I] MR A 4 
TOKYO VII MR F is 68708 Il R F 3 
BILOXI VIII MR R [is 79609 II MR A 4 
BROWN DE MANNINOW ? R F 13 84673 I] MR A = 
BRUNGESTO RONEST ? R F 3 86031 I] MR A - 
CHIQUITO Z MR F 15 86069 I] MR A 4 
ISHIKARI-SHIRO I ? R F 13 87628 ig MR A A 
JAPAN II ? R F 3 90180 Id MR A 5 
MAUTHNER SEDY MNICH ? R 7 ts 91114 I] MR A ~ 
PAVLIKENE fs R F 13 92739 I] MR A 4 
TOKACHI-NAGACHA ? R F 13 96188 it MR A D 
205092 I] R A 5 

Beleons3eoe 00 MR A 3 54583 III MR A 5 
161988 00 MR A 3 79726 III MR A - 
180524 00 R A 3 91341 III MR A + 
180525 00 MR A 3 96322 III MR A 2) 
453239 0 MR A 3 157416 ['Tts” R A <; 
153262 0 MR A S) 91153-1] IV MR A 5 
153300 0 MR A 3 91346 IV MR A 5 
179882 0 R A 3 96333 IV R A 5 
189859 0 MR A 3 171431 IV MR A 5 


aMaturity group. br=resistant; MR=moderately resistant. CF=field study; A=artificial in- 
oculation. 4Reference cited, by nunber. 


BROWN STEM ROT 


CASUAL AGENT: Phtalophora greagata (Alling- 


ton and Chamberlain) W. Gams. 
(Syme 


Cephalosportum gregatum Al- 
lington and Chamberlain. 


IMPORTANCE: Brown stem rot is wide- 
spread in the Midwest and in some of the 
Southeastern States of the United States 
and in Canada. The disease was first re- 
ported in Illinois during 1944. Brown stem 
rot has been recorded only in the United 
States, Canada, Mexico, and Egypt, but may 
occur in other parts of the world. 

Yields are’ reduced on anfeceted plants: 
The extent depends on environmental condi- 
tions, the cultivar used, and the strain or 
strains of the causal fungus involved. The 
greatest losses occur in seasons withacool 
period when the pods are filling, followed 
by hot and dry weather. Losses of 25 percent 
or more may occur as a result of a reduced 
number of seeds, smaller seed size, and lodg- 
ing by infected plants—making harvesting 
inefficrent. 

SYMPTOMS: Plants infected before pod- 
set show no external symptoms. Infection 
becomes apparent about midseason by an ex- 
amination of longitudinally split stems. 
The stems showadark, reddish-brown disco- 
loration of the vascular elements and pith, 
extending upward fromthe roots or crown (Fig- 
ure 2A)s vAG) first, the browningsextends: 5 
to 8 centimeters above the soil line, being 


prominent at the nodes. The more extensive 
the discoloration, the greater the yreldere— 
ductions. As the plants mature, browning 
becomes continuous throughout the stem in 
susceptible cultivars. This browning can be 
confused with that caused by other pathogens 
under some conditions, and so it should not 
be considered as diagnostic. 

External symptoms may appear late in 
the growing season. On infected stems, the 
lower part turns a dull brown, followed by 
a sudden blighting and drying of the leaves 
which may drop prematurely. During dry 
weather, about 20 to 30 days before normal 
maturity, the leaves may suddenly wilt and 
wither. Tissues between the veins turn 
brown. A narrow green border may outline 
the veins for a few days (Figure 2B). A 
severely infected group of plants has a 
brownish cast in contrast to the yellow- 
green of soybean field that is maturing nor- 
mally. 

RESISTANCE: Cultivars that mature 
early tend to escape infection. — Most ar tie 
Studies on screening germplasm collections 
for resistance to P. gregata have been done 
under greenhouse conditions. I asedpnree 
cult to make field evaluations because many 
other pathogens and saprophytes can cause 
discolorations in the pith and stem of soy- 
beans. H. Tachibana, (personal communica- 
tion, Iowa State University at Ames) reports 
that two cultivars, BSR 301 and 302, have 
field resistance. The two cultivars @agesim 
maturity group III. 


FLroures2; 


Longitudinally split soybean stems showing the discoloration 
of vascular elements and pith (LEFT) and foliar symptoms (RIGHT) caused 
by Phtalophora gregata. 
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Table 2. Brown stem rot (Phtlaophora gregata), reaction of 
soybean plant introductions, by maturity group 


Reac- Ref. 
Strain MG@ tion? Test© no.4 
P.I. 84946-2 IV R PG Si Dietisi 
86150 IV R G 6 
88820 IV R G i. 
90138 lV R G 7 


“Maturity group. bR=resistant. “p=field study; G=greenhouse. 
References cited, by number 


DOWNY MILDEW 


CAUSAL AGENT: Peronospora manshurtica 
(Aoum.) Syd. ex Gaum (Syn.: P. sojae Lehman 
and Wolf). 


IMPORTANCE: The disease and its causal 
agent are worldwide in distribution. Downy 
mildew causes some defoliation, lowers seed 
quality, reduces seed size, and may cause 
yield losses of up to 8 percent. 

SYMPTOMS: Downy mildew appears on the 
upper surface of young leaves as spots that 
are pale green to light yellow. The spots 
enlarge into pale-to-bright yellow lesions 
of indefinite size and shape depending on 
leaf age (Figure 3a). The lesions later 
turn grayish-brown to dark-brown with a 
yellowish-green margin. On the lower leaf 
surface, particularly in moist weather, the 
lesions are covered with tufts of grayish 
or pale-purple conidiophores. These easily 
distinguish downy mildew from other foliar 
diseases of soybeans. Severely infected 
leaves turn yellow and finally brown, curl 
at the edges, and drop prematurely. 

Pod infections may occur but may not be 
evident externally. However, the interior 


Figure 3. 


Downy mildew caused by Peronospora manshurtca. 


of pods and the seed coat of the beans may 
be encrusted by a whitish mass of mycelium 
and oospores. Seeds may be partially or 
completely covered with the encrustation 
(Figure 3d). Oospore-encrusted seeds often 
look dull white and have cracks in the seed 
coat. Such seeds may be smaller or lighter 
in weight than normal seeds, or both. 

Planting infected seeds can produce 
systemically infected seedlings. The symp- 
toms first appear when plants are about 2 
weeks old. Light-green areas appear at the 
base of primary leaves, spreading along 
veins in a serrated or fan-wise manner. All 
trifoliolate leaves do not show symptoms. 
Systemically infected plants remain small. 
Their stunted leaves curl downward at the 
edges and become a mottled grayish-green. 
The underleaf surface is covered with typical 
mycelial growth. 

RESISTANCE: There are at least 32 races 
of Peronospora manshurtea. The race differ- 
entiation was made using 11 soybean differ- 
entials. A large number of cultivars and 
plant introductions have been evaluated for 
resistance to the pathogen (Table 3). 


a ei. 


(LEFT) Symptoms on upper (L) and 


lower (R) leaf surfaces, and (RIGHT) an oospore-encrusted seed. 
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TABLE 3. Downy mildew (Peronospora manechurica), reaction of soybean cultivars and plant in- 
troductions, by maturity group 


v 
a 
— 


Reac- Ref. Reac- Ref. 
Strain MG? tion Test no.d Strain MG2 tion> Test© no.4 
MANCHUKOTA II Se ee 
MUKDEN tl HS FG 6,10 
NORCHIEF 0 R G 1] RICHLAND El 5 FG 6,10 
MENDOTA I R F.G 4 SENECA bl HS F 6 
PRIDESOY I HS G 11 ADAMS III HS a 6 
MANCHU 3, WISC. vk R G 10 BAVENDER SPECIAL igh HS F 6 
MUKDEN a1 R G 10 DUNFIELD III S G 10 
RICHLAND II S G 13 RD a GRANGER 18 S = 6 
DUNFIELD iti R G 10 HARMAN ay S F 6 
ILLINI Pt HS G Ueda ILLINI III HS PG oe Us 
CHLEE IV R G 10 JOGUN Lil HS F 6 
MIDWEST IV R FG 4 KANRICH 111 R E 6 
WABASH IV R G I KIM Dit S F 6 
T-117 IV R G 10 LINCOLN 1 HS F 6 
S-100 V S G Lal MANDELL Bi HS F 6 
LAREDO VI HS G 1] MINGO LEI HS F 6 
OGDEN VI HR G hd PENNSOY Tit MS F 6 
CNS VII S G 1] VIKING Lil HS F 6 
Sal Be I wae! ‘eel HR G 1] CHIEF IV HS FG 6,10 
ROANOKE VII HR G nd CLARK IV HS F 6 
ACADIAN VIII HR G 1] FABULIN IV HS E 6 
GIBSON IV HS F 6 
KINGWA IV Hse Fee Pe 
MACOUPIN IV HS F 6 
ACME 00 HS FE 6 MIDWEST IV HR F 6 
FLAMBEAU 00 HS F 6 PATOKA IV = F 6 
PAGODA 00 HR F 6 PERRY IV HS F 6 
CAPITAL 0 HS F 6 SCIOTO IV MS F 6 
EARLY WHITE WABASH IV S FG 6,11 
EYEBROW 0 HS F 6 DORMAN V R F 6 
GOLDSOY 0 HS F 6 S-100 V S F ,G Sa fi 
GRANT 0 HS F ) LAREDO VI HS FG 6,11 
KABOTT 0 MS F 6 LEE VI HS F 6 
MANDARIN (OTTAWA) 0 HS E 6 OGDEN VI HR FG eee i 
MINSOY 0 HS F 6 PINE DELL 
NORCHIEF 0 HS FG 6,11 PERFECTION VI HR F a 
POLAND YELLOW 0 HS i 6 CNS VII MS PeG oer 
BLACKHAWK i HS i 6 CREOLE VII HR E 6 
CHIPPEWA I HS F 6 FoGerasizs VII R G ih 
EARLYANA } MS F 6 JACKSON ViiT HR F 6 
HABARO I HS F 6 PALMETTO VII HR FAC ose 
HARLY I HS F 6 ROANOKE VII HR FG Gada 
KAGON I MS F 6 ACADIAN VIII HR FG 6,11 
MANDARIN-507 I S F 6 Pol ai 7 1443 VI HR F 6 
MENDOTA I HR Gi 6 201422 VI HR F 6 
MONROE I HS i 6 183930 VII HR F 6 
ONTARIO I MS i 6 200451 VII HR F ] 
PRIDESOY I R FG Ohl 200451 VII HS F 6 
RENVILLE E HS F 6 200527 VII HR F 6 
SAC I > fe 6 [race 3] 
HAROSOY II HS F 6 
HAWKEYE II HS F 6 
KANRO II HR E 6 MANCHU 3, WISC. Le R G 10 
KOREAN II MS F 6 RICHLAND II S G 10 
MANCHU 3, WISC. II MS G 10 DUNFIELD III R G 10 


aMaturity group. DHR=highly resistant; R=resistant; HS=highly susceptible; MS=moderately 
susceptible. C©F=field; G=greenhouse. drReferences cited, by number. 
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TABLE 3—CONT'D (1) 


Reac- Ref. Reac- Ref. 
Strain MG2 tion Teste no.d Strain MG2 tionD Test¢ no.d 
ILLINI III HS G 10 WOODS YELLOW VII MS G 14,15 
CHIEF IV R G 10 ACADIAN VIII MS G 14,15 
T-117 IV R G 10 
ACME 00 HR F 6 
MUKDEN i R G 15 FLAMBEAU 00 HR F 6 
RICHLAND it MS G ches PAGODA 00 S fF 6 
DUNFIELD ERE R G +5 CAPITAL 0 S F 6 
ILLINI mie HS G 15 EARLY WHITE 
LINCOLN eel HS G 15 EYEBROW 0 HR F 6 
MANCHU EET R G he GOLDSOY 0 > FE 6 
CHIEF IV R G 15 GRANT 0 HS F 6 
PERRY IV MS G 15 KABOTT 0 S G 6 
WABASH IV MS G jis MANDARIN (OTTAWA) 0 HR F 6 
DORMAN V R G 15 MINSOY 0 S F 6 
S-100 V R G qh NORCHIEF 0 HR F 6 
ARKSOY VI R G 1S POLAND YELLOW 0 S F 6 
ARMREDO VI MS G 15 BLACKHAWK I HR F 6 
LAREDO VI HS G 15 CHIPPEWA I HR P 6 
LEE VI MS G 15 EARLYANA I S F 6 
OGDEN VI S G Rs) HABARO I HR F 6 
RALSOY VI R G cs HARLY I S F 6 
ROKUSUN VI HS G 15 KAGON I HR F 6 
ROSE NON-POP VI R G 15 MANDARIN 507 I HR F 6 
CNS VII HS G 15 MENDOTA I HR F 6 
JACKSON VII MS G ee MONROE I MS Fe 6 
MAMMOTH YELLOW VII MS G jhe ONTARIO I S F 6 
PALMETTO VII MS G TS PRIDESOY I HR F 6 
ROANOKE VII S G i s RENVILLE I S F 6 
TARHEEL BLACK VII HS G 15 SAC I S F 6 
TOKYO VII R G 15 BANSEI 1h HS F 6 
VOLSTATE VII MS G 1S HAROSOY II HR F 6 
WOODS YELLOW VII MS G 5 HAWKEYE II HR F 6 
ACADIAN VETI R G Jes KANRO II R F 6 
BILOXI VIII MS G Re KOREAN Et MS FE 6 
CHEROKEE VIII HS G 15 MANCHUKOTA IE Ss ri 6 
IMPROVED PELICAN VIII MS G 15 MUKDEN ‘ial HR F , Ga) ae 
MAMOTAN 6640 VITI HS G 15 RICHLAND Th R F Gres siete 
OTOOTAN VIE R G Ale: SENECA II R r 6 
ADAMS III MS F 6 
BAVENDER SPECIAL III HS 0 6 
; DUNFIELD III R G 15 
MANCHU 3, WISC. Bl R F 14 GRANGER III MS F 6 
MUKDEN II R G 15 HARMAN III S F 6 
RICHLAND II R G 14,15 ILLINI eel S FG "Gees 
DUNF IELD Lh R G 5,14 JOGUN Lh HS F 6 
ILLINI III R G 14515 KANRICH ‘iy HR 5 6 
CHIEF IV R G 145.45 KIM toler MS F 6 
DORMAN V R G 14,15 LINCOLN III MS FG PeeGsae 
S-100 V R G 15 MANCHU Li} R G 15 
LEE VI M G ed os MANDELL III S F 6 
OGDEN VI R G T4515 MINGO III MS G 5 
RALSOY VI R G 14,15 PENNSOY III HR F 6 
ROKUSUN VI HS G 15 VIKING Lit HR F 6 
ROSE NON-POP VI R G Peg he) CHIEF IV HR F Go) peaks 
CNS VII R G 14,15 CLARK IV S a 6 
JACKSON VII MS G 15 FABULIN IV S 3 6 
PALMETTO VII R G TS GIBSON IV MS 5 6 
ROANOKE VII HS G 14,15 KINGWA IV S r 6 


Strain 


MACOUPIN 
MIDWEST 
PATOKA 

PERRY 

SCIOTO 
VIRGINIA 
WABASH 
WABASH 
DORMAN 

S-100 

ARKSOY 
ARMREDO 
LAREDO 

tre 

OGDEN 

RALSOY 
ROKUSUN 

ROSE NON-POP 
CNS 

JACKSON 
JACKSON 
MAMMOTH YELLOW 
PALMETTO 
ROANOKE 
TARHEEL BLACK 
TOKYO 
VOLSTATE 
WOODS YELLOW 
ACADIAN 
BILOXI 
CHEROKEE 


IMPROVED PELICAN 


MAMOTAN 6640 
OTOOTAN 


MUKDEN 
RICHLAND 
DUNFIELD 
ILLINI 
LINCOLN 
MANCHU 
CHIEF 
PERRY 
VIRGINIA 
WABASH 
DORMAN 
S-100 
ARKSOY 
ARMREDO 
LAREDO 
LEE 
OGDEN 
RALSOY 
ROKUSUN 
ROSE NON-POP 
CNS 
JACKSON 
MAMMOTH YELLOW 


MG@ 


IV 
IV 
IV 
IV 
IV 
IV 
IV 
IV 
V 

V 

VI 
VI 
VI 
VI 
VI 
VI 
VI 
VI 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VII 
VIII 
VIII 
VIII 
VIII 
VIII 
VIII 


Reac- 
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TABLE 3—CONT'D (2) 


MS 
MS 
S 
S 
MS 
R 
R 
MS 
HR 
HS 


I] 
II 
III 
III 
iid 
III 


VII 
VII 
VII 


ica) AWM 
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gy akg easy Sea ly wy aaah malted 
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”n nAmM (Ta) 


MS 
MS 


v vw CY es Tene vw v 
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GG) GG) Golan iG) Go Gp. GS on etmieG) Gan en GG Cr) Std tt) Sin Cr ed Od td) Co Geo etal cat Oe eet ee 
vw 
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Strain 


PALMETTO 
ROANOKE 
TARHEEL BLACK 
TOKYO 
VOLSTATE 
WOODS YELLOW 
ACADIAN 
BILOXI 
CHEROKEE 


IMPROVED PELICAN 


MAMOTAN 6640 
OTOOTAN 


MUKDEN 
RICHLAND 
DUNFIELD 
ILLINI 
LINCOLN 
MANCHU 

CHIEF 

PERRY 
VIRGINIA 
WABASH 
DORMAN 

S-100 

ARKSOY 
ARMREDO 
LAREDO 

Boe 

OGDEN 

RALSOY 
ROKUSUN 

ROSE NON-POP 
CNS 

JACKSON 
MAMMOTH YELLOW 
PALMETTO 
ROANOKE 
TARHEEL BLACK 
TOKYO 
VOLSTATE 
WOODS YELLOW 
ACADIAN 
BILOXI 
CHEROKEE 


IMPROVED PELICAN 


MAMOTAN 6640 
OTOOTAN 


ACME 
FLAMBEAU 
PAGODA 
CAPITAL 
EARLY WHITE 
EYEBROW 
GOLDSOY 


Reac- Ref. 

MG tion? Test© no. 
VII MS G 15 
VII HS G 15 
VII MS G BS 
VII R G Nes 
VII HS G 1 
VII R G 15 
VIII MS G Re 
VIII MS G 15 
VIII HS G 5 
VIII MS G 15 
VIII MS G fs) 
VIII R G 15 
Gi MS G LS 
II R G 15 
III R G 15 
Lit HS G 15 
Pit HS G 15 
ot MS G 15 
IV R G 15 
IV MS G 15 
IV R G 15 
IV HS G 1p 
V R G 15 
V MS G 1S 
VI R G 15 
VI MS G 5 
VI HS G 15 
VI MS G 15 
VI S G 15 
VI R G Ss 
VI MS G 15 
VI R G bey 
VII HS G 15 
VII MS G 1D 
VII HS G 15 
VII MS G 15 
VII HS G 15 
VII HS G 15 
VII R G 15 
VII HS G 15 
VII MS G 5 
VIII R G 15 
VIII MS G 15 
VIII HS G 15 
VIII MS G 15 
VIII HS G 15 
VILE R G 15 
00 HR F 6 

00 HR F 6 

00 HS F 6 

0 HS F 6 

0 HR F 6 

0 HS F 6 


TABLE 3—CONT'D (3) 


Reac- Ref. Reac- 
Strain MG? tion? Test© no.d Strain MG2 tion Test© 
GRANT 0 HS 8 6 ROANOKE VII 
KABOTT 0 HR e 6 WOODS YELLOW VII 
MANDARIN (OTTAWA) 0 HR F 6 ACADIAN VIII 
MINSOY 0 HS F 6 
NORCHIEF 0 HR | JF Geeoui 
POLAND YELLOW 0 S D 6 
BLACKHAWK I HR F 6 ACME 00 
CHIPPEWA I HR F 6 FLAMBEAU 00 
EARLYANA I S F 6 PAGODA 00 
HABARO I HR F 6 CAPITAL 0 
HARLY I S F 6 EARLY WHITE 
KAGON I HR F 6 EYEBROW 0 
MANDARIN 507 I HR > Sk 6 GOLDSOY 0 
MENDOTA I HR 3 6 GRANT 0 
MONROE I HR F 6 KABOTT 0 
ONTARIO I S F 6 MANDARIN (OTTAWA) 0 
PRIDESOY I HR FG Vey MINSOY 0 
RENVILLE I S F 6 NORCHIEF 0 
SAC I HS F 6 POLAND YELLOW 0 
BANSEI II HS F 6 BLACKHAWK I 
HAROSOY DT HR F 6 CHIPPEWA I 
HAWKEYE II HR F 6 EARLYANA i 
KANRO ih HR F 6 HABARO I 
KOREAN II S F 6 HARLY I 
MANCHUKOTA fal S F 6 KAGON I 
MUKDEN 1 S F.G 6,11 MANDARIN 507 I 
RICHLAND II HR FG Foski MENDOTA I 
SENECA II HS G 6 MONROE I 
ADAMS III HS > 6 ONTARIO I 
BAVENDER SPECIAL III HS F 6 PRIDESOY I 
GRANGER gel S F 6 RENVILLE I 
HARMAN Lie HS F 6 SAC I 
ILLINI Pet S FG 6st BANSEI II 
JOGUN Sel HR F 6 HAROSOY II 
KANRICH Liq HR F 6 HAWKEYE II 
KIM PVY HS F 6 KANRO II 
LINCOLN ee! S F 6 KOREAN II 
MANDELL II] HR F 6 MANCHUKOTA II 
MINGO Dip S F 6 MUKDEN 17 
PENNSOY LET HR F 6 RICHLAND II 
VIKING III S F 6 SENECA II 
CHIEF IV HR F 6 ADAMS III 
CLARK IV HS F 6 BAVENDER SPECIAL III 
FABULIN IV S F 6 GRANGER DET 
GIBSON IV S F 6 HARMAN ‘eG 
KINGWA IV HS E 6 TINT EL 
MACOUPIN IV S F 6 JOGUN iit 
MIDWEST IV R A 6 KANRICH III 
PATOKA IV HR F 6 KIM Big 
PERRY IV HR F 6 LINCOLN sips 
SCIOTO IV S F 6 MANDELL III 
DORMAN V HR F 6 MINGO ee 
S-100 V S FG: (oak PENNSOY Tit 
LAREDO VI HR F.G-= bm VIKING {Tf 
LEE VI HS F 6 CHIEF IV 
OGDEN VI HR F 6,8 CLARK IV 
CNS VII S F 3G Get FABULIN IV 
Fi Guasolzs VII MS G 1] GIBSON IV 
JACKSON VII HR F 6 KINGWA IV 
PALMETTO VII HR FG 36.514 MACOUPIN IV 
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TABLE 3—CONT'D (4) 


Reac- Ref. Reac- Ref 
Strain MG2 tion Test¢ no.¢ Strain MG? tion Test no. 
MIDWEST IV R F 6 RICHLAND II R 5G 6,8 
PATOKA IV HS F 6 SENECA i HS 6 
PERRY IV HS bE 6 ADAMS III S 6 
SCIOTO IV S F 6 BAVENDER SPECIAL III R ] 
DORMAN V HR FG 6,8 BAVENDER SPECIAL Lit S 6 
S-100 y HS FG 6,11 GRANGER 1a HS 6 
LAREDO VI HS F.G 6,11 HARMAN II] S 6 
PEG VI HS F 6 ILLINI CH R 5G 6,8 
OGDEN VI HR E.G 6,8 JOGUN Iii S 6 
PINE DELL KANRICH ital | HR 6 
PERFECTION VI HR F yi KIM Lit HS 6 
CNS VII S F 5G oe LINCOLN ee MS 6 
CREOLE VII HR 2 6 MANDELL i Gi MS 6 
JACKSON VII HR E 6 MINGO il R ] 
PALMETTO VII HR F3G. * 651 MINGO ei HS 6 
ROANOKE VII R FG 6 1't PENNSOY i | HR 6 
WOODS YELLOW VII S PG © *o. 1a VIKING Viel MS 6 
ACADIAN VIII HR PG me osdt CHIEF IV R 6 
P.I. 68708 II S G 5 CLARK IV MS 6 
171443 VI HR F 6 FABULIN IV HS 6 
201422 VI HR F 6 GIBSON IV HS 6 
183930 VII HR F 6 KINGWA IV HS 6 
200451 VII R F 6 MACOUPIN IV HS 6 
200527 VII HR F 6 MIDWEST IV R 6 
PATOKA IV MS 6 
PERRY 1V R 6 
SCIOTO IV MS 6 
ACME 00 HR F 6 DORMAN V R Go #636 
FLAMBEAU 00 R F 6 S-100 ] MS -G gacosG 
PAGODA 00 MS F 6 LAREDO VI R 6 
CAPITAL 0 HS F 6 ee VI MS 6 
EARLY WHITE OGDEN VI S 6,8 
EYEBROW 0 MS F 6 CNS VII R 6 
GOLDSOY 0 HS F 6 CREOLE VII HS 6 
GRANT 0 HS F 6 JACKSON VII S 6 
KABOTT 0 5 F,G 6,8 PALMETTO VII MS 6,8 
MANDARIN (OTTAWA) O HR F 6 ROANOKE VII HS 6,8 
MINSOY 0 S F 6 WOODS YELLOW VII MS 6 
NORCHIEF 0 R F.,G 6,8 ACADIAN VIII S 6 
POLAND YELLOW 0 HS F 6 
BLACKHAWK I Re = RIUaGENe 
CHIPPEWA I HR F 6 
EARLYANA I HR F 6 ACME 00 HS F 6 
HABARO I R F 6 FLAMBEAU 00 HR F 6 
HARLY I MS F 6 PAGODA 00 HR F 6 
KAGON I HR F 6 PAGODA 00 RH ® 6 
MANDARIN 507 I R F 6 CAPITAL 10 S F 6 
MENDOTA I HR F 6 EARLY WHITE 
MONROE I HS F 6 EYEBROW 0 MS F 6 
ONTARIO I HR F 6 GOLDSOY 0 R F 6 
PRIDESOY I R E.G 86,6 GRANT 0 HS F 6 
RENVILLE I HS F 6 KABOTT 0 HR F,G 6,8 
SAC I S F 6 MANDARIN (OTTAWA) O HR F 6 
BANSEI II HS 2 6 MINSOY 0 R F 6 
HAROSOY II HR F 6 MINSOY 0 HS F 6 
HAWKEYE II R F 6 NORCHIEF 0 HS F,G 6,8 
KANRO itil HR F 6 POLAND YELLOW 0 HR F 6 
KOREAN i MS F 6 BLACKHAWK I R F 6 
MANCHUKOTA II R i. 6 CHIPPEWA I R F 6 
MUKDEN II MS F,G 6,8 EARLYANA I MS F 6 


Stragn 


HABARO 
HARLY 
KAGON 
MANDARIN 507 
MENDOTA 
MONROE 
ONTARIO 
PRIDESOY 
RENVILLE 
SAC 
BANSEI 
HAROSOY 
HAWKEYE 
KANRO 
KOREAN 
MANCHUKOTA 
MUKDEN 
RICHLAND 
SENECA 
ADAMS 
BAVENDER SPECIAL 
GRANGER 
HARMAN 
ILLINI 
JOGUN 
KANRICH 
KIM 
LINCOLN 
MANDELL 
MINGO 
MINGO 
PENNSOY 
VIKING 
CHIEF 
CLARK 
FABULIN 
GIBSON 
KINGWA 
MACOUPIN 
MIDWEST 
PATOKA 
PATOKA 
PERRY 
SCIOTO 
DORMAN 
S-100 
LAREDO 
OGDEN 
PINE, DEEL 
PERFECTION 
CNS 
CREOLE 
JACKSON 
PALMETTO 
ROANOKE 
WOODS YELLOW 
ACADIAN 
P.I. 171443 
201422 
166140 
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TABLE 3—CONT'D (5) 


Reac- 


Strain MG2 ~~ tion? 
P.1. 183930 VII HR 
200451 Vile R 
200527 VII HR 
ACME 00 HR 
FLAMBEAU 00 R 
PAGODA 00 MS 
CAPITAL 0 MS 
EARLY WHITE 
EYEBROW 0 HS 
GOLDSOY 0 HS 
GRANT 0 HS 
KABOTT 0 MS 
KABOTT 0 R 
MANDARIN (OTTAWA) O R 
MINSOY 0 HR 
MINSOY 0 HS 
NORCHIEF 0 HS 
POLAND YELLOW 0 HS 
BLACKHAWK I R 
CHIPPEWA I R 
EARLYANA I HS 
HABARO I R 
HARLY I S 
KAGON I R 
MANDARIN 507 I R 
MENDOTA i HR 
MONROE I MS 
ONTARIO I R 
PRIDESOY I R 
PRIDESOY I S 
RENVILLE I HS 
SAC I MS 
BANSEI If HS 
HAROSOY II MS 
HAWKEYE II MS 
KANRO II HR 
KOREAN Il MS 
MANCHUKOTA II R 
MUKDEN II MS 
SENECA Ti HS 
RICHLAND I] HS 
ADAMS iit HS 
BAVENDER SPECIAL Pet R 
BAVENDER SPECIAL Lia HS 
GRANGER Tt R 
HARMAN 1 | HS 
ILLINI iit HS 
JOGUN III MS 
KANRICH Na HR 
KIM Idi 5 
LINCOLN III S 
MANDELL Ebi R 
MINGO Pint HR 
MINGO III S 
PENNSOY iti R 
VIKING III MS 
CHIEF IV R 
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TABLE 3—CONT'D (6) 


Reac- Ref. Reac- Ref. 


Strain MG2 tion Test© no.4 Strain MG?@ tion Teste no.d 
CLARK IV As.) 4 6 ADAMS III S F 6 
FABULIN IV HS GF 6 BAVENDER SPECIAL III S F 6 
GIBSON IV ic aE 6 GRANGER III R F 6 
KINGWA IV HS OF 6 HARMAN III MS OF 6 
MACOUPIN IV S F 6 ILLINI III is IVE.G -8es8 
MIDWEST IV R F 6 JOGUN III S F 6 
PATOKA IV R F 6 KANRICH III He. ee 6 
PERRY IV HSE 6 KIM III te ls 6 
SCIOTO IV R F 6 LINCOLN III HS @ OF 6 
DORMAN V HR OF 3 MANDELL III R F 6 
DORMAN V S F 8 MINGO III is 'F 6 
S-100 V HSo F2G ekbe 3 PENNSOY III R F 6 
LAREDO VI : F 6 VIKING III Sie OF 6 
LEE VI MSF 6 CHIEF IV is) Orr 6 
OGDEN VI HS | 9F G Mots CLARK IV MS oF 6 
CNS VII HS. IF 6 FABULIN IV R F 6 
CREOLE VII HS). fF 6 GIBSON IV crear 6 
JACKSON VII sentir " KINGWA IV HOWE 6 
PALMETTO VII cue FE 6 MACOUPIN IV icueeee 6 
PALMETTO VII R F 8 MIDWEST IV HR OF 6 
ROANOKE VII HSU MEE EL Suse PATOKA IV R F 6 
WOODS YELLOW VII Toro ok: 6 PERRY IV S F 6 
ACADIAN W117 PHRF 6 SCIOTO IV R F 6 
DORMAN V HS ACG MES 
S-100 V MS. |. .FAG. BOGS 
LAREDO VI MSF 6 
ACME 00 MSF 6 LEE VI S F 6 
FLAMBEAU 00 R F ‘ OGDEN VI in: tFeG te 
PAGODA 00 HR OF 6 PINE DELL 
CAPITAL 0 MSF 6 PERFECTION VI HR OF 7 
EARLY WHITE CNS VII HS OF 6 
EYEBROW 0 R F 6 CREOLE VII HR OF 6 
GOLDSOY 0 HR fF 6 JACKSON VII HR OF 6 
GRANT 0 HS Dr 6 PALMETTO VII HR. FG eeeee 
KABOTT 0 Hee iG areas ROANOKE VII He P reGe eS 
MANDARIN (OTTAWA) 0 MSF 6 WOODS YELLOW VII us 4F 6 
MINSOY 0 HS OF 6 ACADIAN site eis, OF 6 
NORCHIEF 0 Ta atone be P.I. 171443 VI HR OF 6 
POLAND YELLOW 0 HR OF 6 201422 VI HR OF 6 
BLACKHAWK I MSF 6 166140 VII HR OF 6 
CHIPPEWA I cays 6 183930 VII HR OF 6 
EARLYANA I S F 6 200451 VII HR OF 6 
HABARO I is), F 6 200527 VII RS aE 6 
HARLY I S F 6 
KAGON I MS OF 6 
MANDARIN 507 I MS oF 6 
MENDOTA I 1 6 ACME 00 MS OF 6 
MONROE I MS F 6 FLAMBEAU 00 S F 6 
ONTARIO I eS 6 PAGODA 00 R F 6 
PRIDESOY I Hey FFG. 0688 CAPITAL 0 HS EE 6 
RENVILLE I S F 6 EARLY WHITE 
SAC I MS OF 6 EYEBROW 0 ic JOE 6 
BANSEI I Se: 6 GOLDSOY 0 Ts 6 
HAROSOY I S F 6 GRANT 0 S F 6 
HAWKEYE I S F 6 KABOTT 0 HR OF 6 
KANRO II ip -F 6 KABOTT 0 S F 8 
KOREAN II HG 6 MANDARIN (OTTAWA) 0 S F 6 
MANCHUKOTA I Se: 6 MINSOY 0 S F 6 
MUKDEN I us? SFG. CABSS NORCHIEF 0 HS. “WG Af 628 
RICHLAND I HS- See GRin ts POLAND YELLOW 0 S F 6 
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Reac- 
Strain MG@ 
BLACKHAWK I S 
CHIPPEWA I MS 
EARLYANA I MS 
HABARO I <) 
HARLY I S 
KAGON I S 
MANDARIN 507 I MS 
MENDOTA I HR 
MONROE I S 
PRIDESOY I HS 
RENVILLE i S 
SAC iL MS 
BANSEI II HS 
HAROSOY II HS 
HAWKEYE Uy S 
KANRO I] R 
KOREAN LI S 
MANCHUKOTA II S 
MUKDEN El HS 
RICHLAND I] MS 
SENECA II iS 
ADAMS III MS 
BAVENDER SPECIAL ig MS 
GRANGER III S 
HARMAN hit S 
ILLINI th HS 
JOGUN bt MS 
KANRICH Vit HR 
KIM Nig Gy S 
LINCOLN iB a S 
MANDELL ri S 
MINGO br S 
PENNSOY LEI HR 
VIKING i Gil S 
CHIEF IV MS 
CLARK IV S 
FABULIN IV HS 
GIBSON IV MS 
KINGWA IV HS 
MACOUPIN IV S 
MIDWEST IV HR 
PATOKA IV S 
PERRY IV S 
SCIOTO IV S 
DORMAN V MS 
DORMAN V R 
S-100 V HS 
LAREDO VI HS 
OGDEN VI HR 
PINE DELL 
PERFECTION VI HR 
CNS VII HS 
CREOLE VII HR 
JACKSON VII HR 
PALMETTO VII HR 
ROANOKE VII R 
WOODS YELLOW VII S 
ACADIAN VIII HR 
P.I. 171443 VI HR 
201422 VI HR 


TABLE 3—CONT'D (7) 
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Reac- 
Strain MG2 
P.I. 166140 VII HR 
183930 VII HR 
200451 VII HR 
200451 VII HS 
200527 VII HR 
ACME 00 MS 
FLAMBEAU 00 MS 
PAGODA 00 MS 
CAPITAL 0 HS 
EARLY WHITE 
EYEBROW 0 HS 
GOLDSOY 0 HS 
GRANT 0 HS 
KABOTT 0 MS 
MANDARIN (OTTAWA) O S 
MINSOY 0 S 
NORCHIEF 0 HS 
POLAND YELLOW 0 HS 
BLACKHAWK I HS 
CHIPPEWA I MS 
EARLYANA I S 
HABARO I HS 
HARLY I HS 
KAGON I MS 
MANDARIN 507 I MS 
MENDOTA I HR 
MONROE I MS 
ONTARIO I MS 
PRIDESOY I HS 
RENVILLE I HS 
SAC I MS 
BANSEI El HS 
HAROSOY II HS 
HAWKEYE i] HS 
KANRO i HR 
KANRO II HS 
KOREAN II MS 
MANCHUKOTA I] HS 
MUKDEN II HS 
RICHLAND ig HS 
SENECA I] HS 
ADAMS LTT HS 
BAVENDER SPECIAL Tid HS 
GRANGER Td S 
HARMAN IIl HS 
ILLINI ie HS 
JOGUN III HS 
KANRICH [LI HR 
KIM gil MS 
LINCOLN III MS 
MANDELL itd S 
MINGO [i] HS 
PENNSOY Pb MS 
VIKING hit HS 
CHIEF IV HS 
CLARK IV MS 
FABULIN IV HS 
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Straan 


GIBSON 
KINGWA 
MACOUP IN 
MIDWEST 
MIDWEST 
PATOKA 
PERRY 
SCIOTO 
DORMAN 
S-100 
LAREDO 
LEE 
OGDEN 
CNS 
CREOLE 
JACKSON 
PALMETTO 
ROANOKE 
WOODS YELLOW 
ACADIAN 


ACME 
FLAMBEAU 
PAGODA 
CAPITAL 
EARLY WHITE 
EYEBROW 
GOLDSOY 
GRANT 
KABOTT 
MANDARIN (OTTAWA) 
MINSOY 
NORCHIEF 
POLAND YELLOW 
BLACKHAWK 
CHIPPEWA 
EARLYANA 
HABARO 
HARLY 
KAGON 
MANDARIN 507 
MENDOTA 
MONROE 
ONTARIO 
PRIDESOY 
RENVILLE 
SAC 
BANSEI 
HAROSOY 
HAWKEYE 
KANRO 
KOREAN 
MANCHUKOTA 
MUKDEN 
RICHLAND 
SENECA 
ADAMS 
BAVENDER SPECIAL 


TABLE 3—CONT'D (8) 


Reac- Ref. 
MG@ tionD Test¢ no.d 
IV HS F 6 
IV HS F 6 
IV HS F 6 
IV R F ] 
IV MS F 6 
IV HS F 6 
IV HS F 6 
IV R F 6 
V MS F Giareos.o 
V HS FG) 76,6 
VI HS F 6 
VI HS FE 6 
VI HR F,G 6,11 
VII HS F 6 
VII HR 3 6 
VII R F 6 
VII HR F Gar 636 
VII HR Fr Gab so 
VII HS F 6 
Vill HR F 6 
00 HR F 6 
00 R F 6 
00 R F 6 
0 MS F 6 
0 MS B 6 
0 MS F 6 
0 HS i 6 
0 R F.G “6,8 
0 R F 6 
0 S F 6 
0 HS FG 9658 
0 HS 5 6 
I R E 6 
I HS F 6 
I R F 6 
I MS o 6 
I MS F 6 
I R F 6 
I R z 6 
I HR F 6 
I R F 6 
I HR F 6 
I R b.Gie @05G 
I MS F 6 
I HS F 6 
II HS 5 6 
II MS F 6 
II MS i 6 
II HR F 6 
iB MS F 6 
II R F 6 
II R P.Ge 630 
II S FG emoso 
Li HS F 6 
III HS F 6 
ga HS F 6 
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Strain 


GRANGER 
HARMAN 
ILLINI 
JOGUN 
KANRICH 
KIM 
LINCOLN 
MANDELL 
MINGO 
PENNSOY 
VIKING 
CHIEF 
FABULIN 
GIBSON 
KINGWA 
MACOUPIN 
MIDWEST 
PATOKA 
PERRY 
SCIOTO 
DORMAN 
S-100 
LAREDO 
LEE 
OGDEN 
CNS 
CREOLE 
JACKSON 
PALMETTO 
ROANOKE 
WOODS YELLOW 
ACADIAN 


ACME 
FLAMBEAU 
PAGODA 
CAPITAL 
EARLY WHITE 
EYEBROW 
GOLDSOY 
GRANT 
KABOTT 
MANDARIN (OTTAWA) 
MINSOY 
NORCHIEF 
POLAND YELLOW 
BLACKHAWK 
CHIPPEWA 
EARLYANA 
HABARO 
HARLY 
KAGON 
MANDARIN 507 
MENDOTA 
MONROE 
ONTARIO 
PRIDESOY 
RENVILLE 


Reac- 
MG@ 
III R 
Lid R 
iti HS 
III HS 
III HR 
Itl HS 
III MS 
ee R 
III R 
tt R 
is MS 
IV HR 
IV HS 
IV HS 
IV HS 
IV HS 
IV HR 
IV R 
IV HS 
IV R 
V R 
V HS 
VI MS 
VI S 
VI HS 
VII HS 
VII HS 
VII HS 
VII HS 
VII HS 
VII HS 
VIII HR 
00 HR 
00 HR 
00 MS 
0 R 
0 R 
0 MS 
0 HS 
0 MS 
0 HR 
0 MS 
0 HR 
0 HS 
I HR 
I MS 
I S 
I R 
I R 
I HR 
I HR 
I HR 
I R 
I HR 
I HR 
I MS 


tion» Test¢ 


cep) 


@ @ 


Naa ie Fs oan Fc op Bar Pog Wag gam Ftp Pacman my Ms ee en Pent War a om pe Nite Vena cag ag ap gy Wer 9 Sot Sa ee er gi oer Pag Me | 
vo lUWO v vo lw 
G) Gd Gq 


ean {sa Pa Pa 


@ 


@ 


SRY se whe) uy ay Mey Wee were eee ere ema Rama Pe mG oe ee es or eg Dos | 
vw 
G@ 


Ref. 
Noe 


(oe) 


00 ©O 


vw wv 
(ee) 


Co CO 


v vw 


D OD AD OO) O OVD OD O OV OY OV OVD GD) O OV OV OD OY OD OV OVD OV OF OD OV OV OV OD OF OF OD 


OD A O OY 


CO 


co 


DADDAAIANAIAAAD ADAM OOOAA MOD 
ad 
ee) 


Reac- 
Strain MG2 
SAC I HS 
BANSEI II HS 
HAROSOY II HR 
HAWKEYE i} HR 
KANRO II HR 
KOREAN te R 
MANCHUKOTA II HR 
MUKDEN II R 
RICHLAND II MS 
SENECA tl HS 
ADAMS TT} HS 
BAVENDER SPEICAL [iT MS 
GRANGER Ler R 
HARMAN inet MS 
ILLINI [Ti MS 
JOGUN CE MS 
KANRICH cle HR 
KIM [il S 
LINCOLN Lod R 
MANDELL Gis! HR 
MINGO til HR 
PENNSOY ft R 
VIKING tit R 
CHIEF IV HR 
FABULIN IV R 
GIBSON IV HS 
KINGWA IV S 
MACOUPIN IV HS 
MIDWEST IV MS 
PATOKA IV HR 
PERRY IV R 
SCIOTO IV R 
DORMAN Vy HR 
S-100 V HR 
LAREDO VI MS 
LEE VI S 
OGDEN VI HS 
PINE DELL 
PERFECTION VI HR 
CNS VII S 
CREOLE VII HS 
JACKSON VII MS 
PALMETTO VII MS 
ROANOKE VII HS 
WOODS YELLOW VII R 
ACADIAN VII HS 
af Aad WY pH VI HR 
201422 VI HR 
166140 VII R 
183930 VII R 
200451 VII R 
200527 VII HR 
ACME 00 HR 
FLAMBEAU 00 R 
PAGODA 00 MS 
CAPITAL 0 MS 
EARLY WHITE 
EYEBROW 0 HS 
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Strain MG@ 
GOLDSOY 0 
GRANT 0 
KABOTT 0 
MANDARIN (OTTAWA) O 
MINSOY 0 
NORCHIEF 0 
POLAND YELLOW 0 
BLACKHAWK I 
CHIPPEWA i 
HABARO I 
HARLY I 
KAGON I 
MANDARIN 507 I 
MENDOTA I 
MONROE I 
ONTARIO I 
PRIDESOY I 
RENVILLE I 
SAC I 
BANSEI II 
HAROSOY II 
HAWKEYE II 
KANRO II 
KOREAN II 
MANCHUKOTA II 
MUKDEN II 
RICHLAND II 
SENECA II 
ADAMS III 
BAVENDER SPECIAL III 
GRANGER III 
HARMAN Lid 
ILLINI Lh 
JOGUN Tet 
KANRICH Cit 
KIM III 
LINCOLN III 
MANDELL fit 
MINGO TE 
PENNSOY Tit 
VIKING [ii 
CHIEF IV 
FABULIN IV 
GIBSON IV 
KINGWA IV 
MACOUPIN IV 
MIDWEST IV 
PATOKA IV 
PERRY IV 
SCIOTO IV 
DORMAN V 
S-100 V 
LAREDO VI 
LES VI 
OGDEN VI 
CNS VII 
CREOLE VII 
JACKSON VII 
PALMETTO VII 
ROANOKE VII 
WOODS YELLOW VII 


Reac- 
tion Test¢ 


HS 
HS 


'Ca) 


e) 


(Vg S473) 


2) 


es 
Nn 


sa == 
ANN 


F 


Ref. 


DADAANAD {3 
. ) 
loc) : 

a. 


v 
— 
— 


v 
(ee) 


7 we 
— 


Co - 


vw 
(oe) 


vw v 


CO ©O 


lee) 


DADA DADDADADAAIAAAGADAAAAAAAAAAAAAAAAAAAAIAAAWAIAADADIDAAIAADIADAIDAINA AD AAWAO 
wv w 
loom ee) 


Strain 


ACADIAN 

P.I. 171443 
201422 
166140 
183930 
200451 
200527 


ACME 
FLAMBEAU 
PAGODA 
CAPITAL 
EARLY WHITE 
EYEBROW 
GOLDSOY 
GRANT 
KABOTT 
MANDARIN (OTTAWA) 
MINSOY 
NORCHIEF 
POLAND YELLOW 
BLACKHAWK 
CHIPPEWA 
EARLYANA 
HABARO 
HARLY 
KAGON 
MANDARIN 507 
MENDOTA 
MONROE 
ONTARIO 
PRIDESOY 
RENVILLE 
RENVILLE 
SAC 
BANSEI 
HAROSOY 
HAWKEYE 
KANRO 
KOREAN 
MANCHUKOTA 
MUKDEN 
RICHLAND 
SENECA 
ADAMS 
BAVENDER SPECIAL 
GRANGER 
HARMAN 
ILLINI 
JOGUN 
KANRICH 
KIM 
LINCOLN 
LINCOLN 
MANDELL 
MINGO 
MINGO 
PENNSOY 


Reac- 


MG2 tionP Test¢ 


TABLE 3—CONT'D (10) 


Ref. 
no.d 


VITI MS 
VI HR 
VI HR 
VII HR 
VII HR 
VII R 
VII R 
00 R 
00 R 
00 MS 
0 HS 
0 HS 
0 HS 
0 HS 
0 R 
0 MS 
0 HS 
0 HS 
0 HS 
I R 
I HS 
I HS 
I HS 
I HS 
I R 
I R 
I HR 
I R 
I HR 
I S 
I R 
I HS 
I HS 
ial HS 
II MS 
II iS) 
II HR 
Bi R 
II MS 
II R 
II HS 
II HS 
ith! HS 
III MS 
jh HS 
ii} HS 
III MS 
1] HS 
11} HR 
Pit HS 
III R 
til S 
Dil HS 
i ie: R 
jig i S 
III HS 
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VIKING 
CHLEE 
CLARK 
FABULIN 
GIBSON 
KINGWA 
MACOUP IN 
MIDWEST 
PATOKA 
PERRY 
SCIOTO 
DORMAN 
S-100 
LAREDO 
PEE 
OGDEN 
OGDEN 
PINE DELL 
PERFECTION 
CNS 
CREOLE 
JACKSON 
PALMETTO 
ROANOKE 
WOODS YELLOW 
ACADIAN 
P.I. 171443 
201422 
166140 
183930 
200451 
200527 


KABOTT 
NORCHIEF 
PRIDESOY 
MUKDEN 
RICHLAND 
ILLINI 
DORMAN 
S-100 
OGDEN 
PINE DELL 
PERFECTION 
PALMETTO 
ROANOKE 
Pal, Wl443 
201422 
166140 
183930 
200527 


KABOTT 
NORCHIEF 
PRIDESOY 
MUKDEN 


Reac- 


MG2 tion Test¢ 


Pit MS 
IV HR 
IV HS 
IV HS 
IV HS 
IV HS 
IV HS 
IV R 
IV HS 
IV HS 
IV R 
V HR 
Vy HS 
VI MS 
VI - 
VI HS 
VI R 
VI HR 
VII S 
VII HR 
VII HR 
VII HR 
VII R 
VII MS 
VIII HR 
VI HR 
VI HR 
VII HR 
VII HR 
VII R 
VII HR 
0 R 
0 HS 
I R 
LT R 
If R 
Di HS 
V R 
V R 
VI S 
VI HR 
VII S 
VII S 
VI HR 
VI HR 
VII MS 
VII MS 
VII HR 
0 S 
0 S 
I R 
iy R 
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TABLE 3—CONT'D (11) 


Reac- Ref. 
Strain MG? tion> Test no. 
RICHLAND Th R FG 8 
ILLINI ie R FG. oe 
DORMAN V R FG sec 
S-100 V S FGa 1 
OGDEN VI S FG aes 
PALMETTO VII S FG 8 
ROANOKE VII S FsG-nas 
KABOTT 0 R FG 8 
NORCHIEF 0 R F Gee 
PRIDESOY i R PGi 
MUKDEN I R FGanmc 
RICHLAND II R F.G 8 
ILLINI Ltt R FG we 
DORMAN V S F.G 68 
S-100 V S F.G 8 
OGDEN VI R FOG? 4c 
PALMETTO VII R F.G 8 
ROANOKE VII R PG 8 
KABOTT 0 R P3G Vs 
NORCHIEF 0 S F Gp) eS 
PRIDESOY I R F2G PEs 
MUKDEN II R iG 8 
RICHLAND II S FSG 8 
ILLINI rT} s FG 8 
DORMAN V R FxGe 68 
S-100 V S ExGs 1:6 
OGDEN VI S FG 68 
PALMETTO VII R PEG +8 
ROANOKE VII R F.G 8 
KABOTT 0 R F Gs 
NORCHIEF 0 R FeGe 20 
PRIDESOY I R FG 3s 
MUKDEN tt R F.G’ 8 
RICHLAND II R FG me 
ILLINI td R FG yes 
DORMAN V S EG oo 
S-100 V R FG 68 
OGDEN VI R FG 9 
PALMETTO Vil R Ff Gees 
ROANOKE VII S F.G 8 
KABOTT 0 R G 9 
NORCHIEF 0 R G ) 
PRIDESOY I R G 9 
MUKDEN II R G 9 
RICHLAND ial S G 9 
ILLINI III S G 9 
DORMAN V R G 9 
S-100 V S G 9 
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Reac- 
Strain MG? tion Test 
OGDEN VI R 
PALMETTO VII R 
ROANOKE VII R 
KABOTT 0 R 
NORCHIEF 0 S 
PRIDESOY I R 
MUKDEN List S 
RICHLAND big) S 
ILLINI iti S 
DORMAN V R 
S-100 V S 
OGDEN VI R 
PALMETTO VII R 
ROANOKE Vil R 
KABOTT 0 R 
NORCHIEF 0 R 
PRIDESOY I R 
MUKDEN I] R 
RICHLAND ria S 
ILLINI III S 
DORMAN V R 
S-100 V R 
OGDEN VI R 
PALMETTO VII R 
ROANOKE VII R 
KABOTT 0 R 
NORCHIEF 0 R 
PRIDESOY I R 
MUKDEN II R 
RICHLAND Il R 
ILLINI 7 Gi 5 
DORMAN V R 
S-100 V S 
OGDEN VI R 
PALMETTO VII R 
ROANOKE VII R 
KABOTT 0 R 
NORCHIEF 0 S$ 
PRIDESOY I R 
MUKDEN II S 
RICHLAND II R 
TE INI IIl S 
DORMAN V R 
S-100 V S 
OGDEN VI R 
PALMETTO Vile R 
ROANOKE VII R 
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TABLE 3—CONT'D (12) 


Reac- Ref. 


Reac- Ref. 
tionD Test© no.4d Strain MG2 d 


Strain MG2 tion Test no. 


KABOTT 
NORCHIEF 
PRIDESOY 
MUKDEN 
RICHLAND 
ILLINI 
DORMAN 
S-100 
OGDEN 
PALMETTO 
ROANOKE 


KABOTT 
NORCHIEF 
PRIDESOY 
MUKDEN 
RICHLAND 
ILLINI 
DORMAN 
S-100 
OGDEN 
PALMETTO 
ROANOKE 


4Maturity group. 
susceptible. 


VI 
VII 
VII 
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°F=field; G=greenhouse. 
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KABOTT 
NORCHIEF 
PRIDESOY 
MUKDEN 
RICHLAND 
ILLINI 
DORMAN 
S-100 
OGDEN 
PALMETTO 
ROANOKE 


KABOTT 
NORCHIEF 
PRIDESOY 
MUKDEN 
RICHLAND 
ILLINI 
DORMAN 
S-100 
OGDEN 
PALMETTO 
ROANOKE 


0 

0 

I 
II 
id 
iit 
\V 

V 
VI 
VII 
VII 
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HR=highly resistant; R=resistant; HS=highly susceptible; MS=moderately 
References cited, by number. 
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FROGEYE LEAF SPOT 


CAUSAL AGENT: Cercospora sojinaHora. (Syn.: 


CG. .dasauy Miura): 


IMPORTANCE: Frogeye leaf spot, also 
known as "'Cercospora leaf spot,'' is world- 
wide in distribution. Frogeye leafspot has 
a wide distribution in the United States and 
is most common in the warmer regions of the 
soybean belt during warm and humid weather. 

The widespread use of resistant culti- 
vars has reduced the incidence of the dis- 
ease and precluded major economic losses. 
When susceptible cultivars are grown, yields 
may be reduced as much as 15 percent or 
more. Seed quality is lowered both by dis- 
coloration and by the reduced germination 
of infected seeds: 

SYMPTOMS: Frogeye leafspot is primar- 
ily a disease of the folaage. However, an- 
fections also occur on stems, pods, and 
seeds. 

Minute spots that are reddish-brown and 
circular to angular first appear on the up- 
per leaf surface. As “the Lesions enlarge 
and age, the central area becomes an olive- 
gray or ash-gray and is surrounded by anar- 
row, dark reddish-brown border (Figure 4A). 
There is no chlorotic zone surrounding the 
lesions. On the lower leaf surface, the 
spots are a darker brown or gray. 


Clusters of dark conidiophores develop 
in the center of each lesion, mostly on the 
underside of the leaf. Older spots become 
very thin, often paper-white, and translu- 
cent. The lesions are 1 to 5 madiamecers 
in diameter and are generally discrete. 
Several spots may coalesce to form larger, 
irregular spots (Figure 4B). When the le- 
sions are numerous, leaves wither and fall 
prematurely. 

Stem infections are less common and 
conspicuous and appear late in the season. 
They are 2 to 4 times as long as they are 
wide and may extend up to half the circum- 
ference of the stem. Young lesions) arera 
deep red with a narrow, dark brown-to-black 
margin. The central area is flattenequce 
Slightly sunken. As a lesion enlarges, the 
center becomes brown, then a pale, smoky- 
gray. Minute dark stromata, often bearing 
clusters of conidiophores and numerous co- 
nidia, form in older lesions giving them 
the appearance of being almost black. 

Lesions on the pods are circular to 
elongate, slightly sunken and reddish-brown. 
As the lesions enlarge, the centers become 
brown to light-gray, usually with a narrow, 
dark-brown border. The causal fungus fre- 
quently grows through the pod wall into 
maturing seeds. 


RS 


Figure 4. Frogeye leaf spots caused by Cercospora sojina. (A) Leaf lesions on two 


soybean leaflets. 
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(B) Closeup of the lesions: 


Infected seeds develop conspicuous 
light- to dark-gray or brown areas, varying 
from minute specks to large blotches that 
can cover the entire seed coat. Some le- 
sions show alternating bands that are light 
and dark brown. Occasionally, brown and 
gray lesions diffuse into each other. Usu- 
ally, there is some cracking or flaking of 
the seed coat. Papillate or elavated, coni- 
cal lesions develop where the infected, mem- 
branous inner lining of the pod is in con- 
tact with the seeds. 


FROGEYE LEAF SPOT: 


1~ ATHOW, K.L. and A.H. PROBST. 1952. 


of soybeans. 


ZoeeeewW, KL. 5 A.H. PROBST, C.P. -KURTZMAN, and F.A. LAVIOLETTE. 
physiological race of Cercospora sojina on soybean. 


eeieoW, KL. 1973. 


Improvement, production, and uses, p. 459-489. 


4. BERNARD, R.L., and D.A. LINDAHL. 1973. 


USDA Regional Soybean Lab., mimeo. Urbana, Illinois. 


SAS euA, C.R. 1978. 
(ie) Merril): 
Universidade Federal de Pelotas. 


6. CHAMBERLAIN, D.W. 
and I maturities. 


LOS6s 


7. CHAMBERLAIN, D.W. 
maturity. 


1956. 


8. CHAMBERLAIN, D.W. 1956. 


and IV maturities. 


9. CHAMBERLAIN, D.W. 1956. 
VWiOVite ‘and VEIT maturities. 
185 0, 


10. HARTWIG, E.E., and C.J. EDWARDS, JR. 
groups V to X. 


ly. HYMOWITZ, T., C.A. NEWELL, and S.G. CARMER. 
leased in the United States and Canada. 


Fungal disease of soybeans. Jn: 


Estudo de variabilidade do pathogeno e do hospedeiro. 
Rio Grande do Sul, Brazil. 


USDA Regional Soybean Lab., mimeo. Urbana, Illinois. 


USDA Regional Soybean Lab., mimeo. Urbana, Illinois. 


19755 
USDA Delta Branch Experiment Station, Stoneville, 


RESISTANCE: Resistant cultivars play 
an important role in the control of frogeye 
leaf spot. Four races have been reported in 
the Unitedistates. . Using 21 differentials, 
and additional 6 races were described from 
Brazil. Cultivars vary in their resistance 
to the leaf and pod infection. Some have 
resistance to one or to both types. Much 
of the work in screening the germplasm col- 
lections was done using isolates that had 
not been identified as to the race repre- 
sented. 
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91719 IV R A 8 189926 IV R A 8 
91734 IV R A 8 196155 IV R A 8 
92463 IV R A 8 196171 IV R A 8 
92636 IV R A 9 200536 IV R A 9 
92641-B IV R A 9 55089 V R A 10 
9265] IV R A 8 62203 V R A 9,10 
92689 IV R A 8 79832 V R A 9,10 
92707-2 IV R A 8 81042 V R A 10 
93055 IV R A & 81774 V R A 9,10 
95769 IV R A 8 82588 V R A 10 
95801 IV R A 8 83874 V R A 9,10 
95887. IV R A 8 84669 V R A 10 
96093 IV R A 8 85089 V R A 10 
96118 IV R A 8 86465 V R A 9,10 
96169-B IV R A 8 87037 V R A 10 
96280 IV R A 8 87542 V R A 8 
96550 IV R A 8 88820 V R A 10 
96783 IV R A 8 89154 V R A 9 
96808 IV R A 8 90243 V R A 9,10 
97038 IV R A 8 90481 V R A 9,10 
97155 IV R A 8 91100 V R A 9 
97220 IV R A 8 91646 V R A 9 
97225 IV R A 8 92743 V R A 10 
97235 IV R A 8 95780 V R A 9,10 
103088 IV R A 8 95959 V R A 8 
103091 IV R A 8 96089 V R A 9 
103415 IV R A 9 96786 V R A 10 
103419-1 IV R A 8 96786 V R A 9 
105579 IV R A 8 96983 V R A 10 
123577 IV R A 8 9708] V R A 8 
153321 IV R A 8 123440 V R A 9 
157395 IV R A 8 123590 V R A 9,10 
157398 IV R A 8 157422 V R A 8 
157414 IV R A 8 157444 V R A 9 
157417 IV R A 8 157469 V R A 9 
157419 IV R A 8 157473 V R A 10 
157424 IV R A 8 157493 V R A 9 
157437 IV R A 8 LS77 V R A 10 
157442 IV R A 8 159319 V R A 9 
157446 IV R A 8 171442 V R A 9,10 
157447 IV R A 8 172902 V R A 
157453 IV R A 8 179823 V R A 9,10 
157456 IV R A 9 179825 V R A 9,10 
157458 IV R A 9 181543 V R A 9,10 


TABLE 4—CONT'D (6) 
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87968 

96169 
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PHYTOPHTHORA ROOT AND STEM ROT 


CAUSAL AGENT: Phytophthora megasperma 
(Drechs.) var. sojae A.A. 
Hildebrand (Syn.: P. sojae 
Kaufmann and Gerdemann). 


IMPORTANCE: Phytophthora rot has been 
reported only inthe United States and Cana- 
da, sine pathogen is very destructive in 
susceptible soybean cultivars. It may cause 
severe plant losses. Yields may be reduced 
more stnan 50 percent. The extent of loss 
depends. on the soil type, rainfall, tillage 
practices used, and the cultivar involved. 
Phytophthora rot is most severe in clay 
soils that are low and poorly drained. The 
disease may appear in lighter soils and on 
higher ground, if the soil remains wet for 
several days. The disease develops most 
YTapidly at 25°C. 

SYMPTOMS: Phytophthora rot may be found 
in soybeans at any stage of development. 
Young plants are very susceptible and die 
quickly. Seed rot and preemergence damping- 
off result in reduced stands. Postemergence 
root and stem rot cause wilting and death 
of seedlings, further reducing the number 
of plants. At the primary leaf stage, af- 
fected stems look watersoaked, the leaves 
turn yellowand wilt, and affected seedlings 
die (Figure 5A). 

Older plants are killed more gradually, 
or vigor is reduced throughout the season. 


The first symptom on late-infected plants 
is the yellowing of the lower leaves between 
the veins and along the margins. The upper 
leaves soon become chlorotic, followed by 
complete wilting of the plant. Affected 
plants usually are killed in a section of 
the row. After death, the withered leaves 
commonly remain attached for a week or more. 
Infected lateral and branch roots are 
almost completely destroyed. Infected tap- 
roots turn a dark brown. The discoloration 
often progresses 10 to 20 centimeters or 
more up the stem and lower branches, occa- 
Sionally to the fourth or fifth nodes 
(Figure 5B). Internally, the cortex and 
vascular tissues are discolored. Except for 
the root tip, the stem and main root and the 
small lateral branches usually remain firm. 
No definite external lesions are formed. 
After heavy rains, infection may occur 
through the leaves and stems, resulting in a 
brown rotting along the stem. Some "toler- 
ant" lines and cultivars are not easily 
killed by the fungus, but show a yellowing 
of the foliage and poor vigor similar to that 
produced by wet soil and nitrogen deficiency. 


RESISTANCE: The races of P. megasperma 
var. sojae number 16 at the time of this 
writing. If the differentials were changed 
or expanded, more might be found. Most of 
the soybean germplasm collections have been 


Figure 5, 


Death of a young soybean plant (A) and development of discoloration on the stem and 
lower branches of anolder soybean plant (B) infected with Phytophthora megasperma var. sojae. 


screened against races 1 through 4. Few may be changes in certain cultivar reactions 
cultivars have been screened against all 16 presented in Table 5 andthat some of the pre- 
races. Unpublished data suggest that there sently recognized races may be consolidated. 
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Table 5. Phytophthora root and stem rot (Phytophthora megasperma var. sojae), reaction of 
soybean cultivars and plant introductions, by maturity group 
Reac- Ref. Reac-= Ref 
Strain MG* tion> Test° no.d Strain Mc? tion? Test. noe” 
HAHTO (Michigan) IV R G 2 
HURRELBRINK IV R G Zs 
ALTONA 00 R G Balls KINGWA IV R G 2 
16519 SANGA IV R G esias 
CREST 00 R G u 16549 
HIDASTA 00 S G Z 23 
PANDO 00 R G ad VIRGINIA IV R G 14,22 
BLACKHAWK I R G 4 AUSTIN V R G 14 
CHIPPEWA 64 I R G 2 DARE V S G 24 
HARLY I R G css DORMAN V R G 4 
MANDARIN 507 I R G 2 ESSEX V S G 24 
MENDOTA I R G 2 FORREST Vv S G 24 
MONROE I R G 4 FOsa Skil V R F 13 
OTTAWA I R G 2 31721 V R F I3 
AMSOY II 5 G 23 31934 V R F 13 
AMSOY 71 II R G 253 HOLLYBROOK V R G 2,14 
BEESON 1B R G 2320 MACK V R G (ar It Ae 
CORSOY II S G 2,24 16,19 
GOKU ei R G 2 NANSEMOND V R G 2a, 00 
HAKOTE LI R G 4 S-100 V R G 14 
HAROSOY Lt S G Zan ARKSOY VI R G ste 
HAROSOY 63 ie R G ace 23 
16319; LEE 68 VI R G 23 
23 RALSOY VI R G 2,29 
HAWKEYE II R G C25c3 TRACY VI R G 11479 
24 CNS Vile wae G 14 
LINDARIN 63 II R G 4,23 F635 130267 Vik ok F #3 
MUKDEN II R G ass 30282 Videw Ok F 13 
PROTANA fat R G Za 30967 VIE Gk F 13 
SENECA II R G 2 31689 VEL Grek F 13 
TOKU II R G 2 Sy sz VII R F is 
WELLS II R G g 31744 VIL Se F t3 
A.K. (HARROW) tale LER G Lists GATAN Vides’ G 14 
23 IMPROVED 
CALLAND 1G Peed G Zgo3 PELICAN VII-- oR G 14 
F.C. 04002-B TtiF sk G 25.5 MONETTA Vite ak G 14 
04002-N Gee mere G £50 POCAHONTAS VII> oe G 14,22 
29333 itis oR G 255 SEMMES VI" ER G ie 
STtSsI Tite AR G 5 TANNER Vib oR G 14 
31579 Lit. eR G 5 WOODS YELLOW Vit roar G 14,22 
FUJI TES G Z ARISOY VITOR G 14 
ILLINGTON bids oR G 2 AVOYELLES VIII-* R G 14 
ILLINI BEL 2 cak G ARS: HARDEE Vier Dee G 14 
WAYNE Lees G 2,24 J.E.W. 45 VEEL G 14 
BONUS IV R G 2 LA. GREEN VIII, G 14 
BOONE IV R G Cyc MAJOS Vita G 14 
CLARK IV S G Z MAMOTAN 6640 VERIO GR G 14 
CLARK 63 IV R G 4 NELA ViPT ak G 14 
COLUMBUS IV S G 24 YELNANDA VIIT oR G 14 
CUSTER IV R G Z WHITE BILOXI Vide oR G 14,22 
CUTLERSAT IV R G 2 P.I. 79648 I R G 2 
FoG ae T9Sh6=2 IV R G 2 79694 I R G 2 
31630 IV R G 2 81765 I R G 2 
GREEN AND BLACK IV R G ie 86410 I R G apes, 


by number. 


4aMaturity group. 


R=resistant; S=susceptible. 


CF=field; G=greenhouse. 


References cited, 


Strain 
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91732-2 
13153) 
153250 
153253 
153279 
153282 
153308 
181532 
181536 
189946 
196160 
229328 
248397 
248410 

60279 

80488- 1] 

81035 

81763 

81767 

8177] 

81773 

82263-2 

82532 

86002 

86022 

86046 

86050 

86122 

8697 2-1 

88803 

RAWAL 

92595 

92639 
135589 
135590 
153264 
153288 
181534 
189958 
196151 
196161 
227684 
eeo3ce 
232988 
232989 
232990 
232991 
261472 

54615-1 

55089- 1 

65379 

68535 

70188 

70466-4 

79870-2 

80825 

80841 

80847-1 

81027 

81030-1 


TABLE 5—CONT'D (1) 


Reac- Rete 
MG? tion Test“ i/no; Strain 
I R G 2 Pole Poldsl=2 
I R G 81041 
I R G a 81766 
I R G 3 81785 
I R G 5 82232 
I R G 5 82235 
I R G 5 82246-1 
I R G 5 82278 
I R G aes 82302 
I R G 2 84509 
I R G 2 84610 
I R G 2 84619 
I R G 5 84646 
I R G 5 84957-1 
bg R G 2 85437 
LI R G 2 86006 
II R G 5 86114 
ii R G tao 86116 
II R G Leo 86425 
II R G 5 87619 
II R G res) 87620 
II R G 5 87630 
Il R G ae en) 88780 
id R G Lao 88815 
II R G 5 88826 
II R G 2 89061-N 
II R G 5S hl 89134 
ti R G 5 89150 
II R G 5 90576-1 
II R G Zao 91160 
a R G 2 91162 
II R G 5 91165 
ti R G 5 91340 
hig R G aye 91725-4 
Bi R G 2 92601-5 
Ly R G 5 92602 
II R G 5 92640 
al R G 2 92659 
it R G 5 92690 
II R G 25 92718-2 
II R G 5 103088 
II R G Ca 103091 
LE R G 5 
£4 R G Z 153309 
II R G 5 157457 
II R G 5 171450 
ig! R G 5 181549 
Ti R G 5 181553 
LiL R G Pass 181554 
Lid R G ef 189969 
Lit R G os 196148 
i a R G 250 196149 
III R G 250 196152 
LL R G 5 196156 
III R G eye 196157 
LES R G 253 200457 
Li R G Ze 200496 
1 R G 25D 200499 
III R G 2,5 205087 
Lk R G a0 224272 
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TABLE 5—CONT'D (2) 


Se 


Reac- Ref. Reac- Ref, 

P.I. 227560 TEES en G 2 P.I. 90245 HV Sage G 2 
227563 TIT GR G 2 90249 ven oe G 2 
227566 8 oe G 2 90256 TV CBR G 2 
227685 TE PR G 2 90305 TV fag G 2 
229738 DEP G 2 91178 IV oe G 2 
238933 Thee G 2 91346 IV) ae G 2 
54600 Hog aR G 2 91679 IV. GR G 2 
54606-1 iva AR G 2 91725-2 tv O78 G 2 
58955 1 8 G 2 91734 IV} eR G 2 
59849 IVI eR G 2 92557 Vo ae G 2 
62202-2 IVR G 5 94159-B 1 Te G 2 
64747 PIE Ae G 2 95769 IV eae G 2 
70208 TV Tee G 2 96808 TV ae G 2 
80466-2 Ives R G 2 96978 IVs G 2 
80473 WWE CR G 2 97225 IV aR G 2 
80488 Ieper G 2 103091 IV G 2 
80498-1 Iver 8 G 2 124871 1Vet aR G 2 
80828-1 i ie G 2 153321 TVil oR G 2 
80828-2 VAL OR G 2 157401 IVs Re G 2 
81037-5 iviu oR G 2 157404 IVR G 2 
81764 Race G 2 157409 Vel Be G 2 
81777 VM SR G 2 157417 1Vi © ak G 2 
82218 Wat oR G 2 157424 IVa G 2 
82295 VE Pk G 2 157428 IVehece G 2 
82312-N Wit R G 2 157431 - 1V2 Uae G 2 
82527 ae tna G 2 157435 IV. 20gR G 2 
82534 IVETAR G 2 157439 TV iw G 2 
82544 TVdaeR G 2 157441 TV Ae G 13 
83853 Vir R G 2 157447 IVR G 2 
83892 ae G 2 157448 IVR G 2 
84939 TY 02k G 2 157453 ive’ ie G 2 
84946-1 IVR G 2 157459 Tyas oe G 2 
84959 LOPS G 2 157462 ivt liege G 2 
84960 Val R G 2 157472 Ive) Se G 2 
85505 Vay ® G 2 157492 Te er G 2 
85519 ee a G 2 159923-1 Ive ek G 2 
85624 iv R G 2 172901 IV Ph oeR G 2 
85626 1 ck G 2 181539 LY he aR G 2 
86103 Teepe G 2 181551 IVS aR G 2 
86134-4 iva ie G 2 200517 Vt e G 2 
86136 iver oF G 2 200518 IV. OR G 2 
86150 ivan CR G 2 200541 i eae G 2 
86740 ih a G 2 205088 TVR G 2 
86876 a G 2 205089 IVa ae G 2 
86972-1 IVER G 2 219783 IV.) gp G 2 
87005 Tes. OR G 2 224271 V2", OR G 2 
87011 iv?) RP G 2 22659] TV GR G 2 
87047 ae G 2 229312 13s ar G 2 
87074 Wid Ge G 2 229313 T¥=s, aR G 2 
87525 TVal oR G 2 229314 IVR G 2 
87561 IVa? OR G 2 229316 TVG See G 2 
87622 TVaGiR G 2 229317 Ve G 2 
88466-1 eta eB G 2 229327 IV ak G 2 

88811] Ie ok G 2 229334 LORE GR G 7a 
88816 WTR G 2 229341 LV Ren G 2 
89769 VAR G 2 229342 Vico G 2 
90138 ad an G 2 229344 es G 2 
90208 EPL eR G 2 229353 Ii tR G 2 
90233 TVda7R G 2 229356 [Vet ick G 2 
90241 TVR G 2 229361 TWH G 2 
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243514 
243518 
243520 
243524 
243525 
243526 
243529 
243530 
243531 
243533 
243535 
243538 
243544 
243549 
246367 
246369 
248511 
253651-B 
253652-B 
262181 
266807-D 
60273 
62204 
65342 
82184-S 
82286 
82588 
83836 
83874 
84669 
84949 
85089 
85342 
85666-S 
86078 
87076 
90481 
91159-S 
92743 
96786 
96983 
97066 
97081 
103079 
123587 
157394 
157430 
157432 
157440 
157478 
157484 
157751 
171430 
171442 
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181547 
181562 
187155 
196166 
196168 
196175 
196177 
200450 
200468 
200472 
200495 
200503 
200510 
200546 
210179 
219780 
219785 
221973 
227159 
221009 
227557 
2£9915 
229350 
238928 
238929 
238932 
274422 
274508 
339863-A 
339864-B 
339867 
339982 
339986 
339989 
339992 
339999 
340000 
340003 
340008 
340009 
340014 
340022 
340024 
340026 
340028 
340029 
340030 
340031-B 
340044 
340045 
340051 
342002 
342003 
381674 
381677 
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86904 
87968 
88816-S 
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200452 
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200475 
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Strain MG? tion Test no. Strain MG? tion Test. no. 
P.I. 224273 VII R G 13 PANDO 00 S G 2 
227219 VII R G 13 HIDASTA 0 S G 2 
227221 VII R G io CHIPPEWA 64 i R G 2 
228065 VII R G 13 HARLY I R G 2 
229321 VII R G is MANDARIN 507 I S G 2 
230970 VII R G 13 MENDOTA I S G 2 
230971 VII R G 13 OTTAWA I R G 2 
230972 VII R G 13 AMSOY II Ss G Ceee 
230973 VII R G i3 AMSOY 71 1m | R G Zag AR 
230975 VII R G i BEESON II R G ees 
230977 VII R G 13 CORSOY ied S G 2 
230980 VII R G 13 GOKU He 5 G 2 
230981 VII R G 13 HAROSOY it S G ee Hl 
241424 Vit R G 13 HAROSOY 63 II R G 21 Vs 
322690 VII R G 13 16,19, 
324189 VII R G 13 23 
324190 VII R G 13 HAWKEYE Il S G apres 
376069 VII R G 13 HAKOTE II 5 G Z 
376070 VII R G is LINDARIN 63 If R G 2eea 
376844 VII R G 166) MUKDEN II R G Figo | 
SY TROY pS VII R G 13 PROTANA Ta R G 2 
OV Meet he! VII R G 13 SENECA II R G 2 
381672 VII R G 1 TOKU I] R G 2 
381682 VII R G 3 WELLS |B R G 2 
133226 Vidi. R G 13 A.K. (HARROW) Hye! R G Bere 
165674 Nisan G 13 CALLAND III R G yoed 
181696 VIL G ies FUJI III S G Z 
181697 VIII R G 13 ILLINGTON Pid R G 2 
181698 VIII R G i ILLINI Ei R G aay ae 
183900 VI OR G I3 WAYNE III S G 2 
200486 VIII R G 3 F.C. 04002-B LY? R G Zz 
203399 VITT. R G tg F.C. 04002-N III S G 2 
203403 Vilig R G 13 FC 29333 1 ie R G y. 
203405 Virirek G 1 BONUS IV R G 2 
204331 VITTe G 13 BOONE IV R G Lee 
204332 VIII R G 13 CLARK IV 5 G 2 
204338 VETTPOR G 13 CUSTER IV R G 2 
210349 Vie R G 13 CUTLER 71 IV R G 2 
215755 VIIIy R G 1%) GREEN AND BLACK IV S G 2 
227687 VELTY R G 13 HAHT 0 
259540 ViTIZ: R G 13 (MICHIGAN) IV R G 2 
259543 VITTOR G 13 HURRELBRINK IV R G 23 
279088 VEOTS R G 13 KINGWA IV R G 2 
283328 VETO. R G 13 VIRGINIA IV R G 14,22 
205910 X R G 13 SANGA IV S G Lol, 
240670 X R G fs 16519, 
281895 X R G 13 23 
285096 X R G Vis] FG 19976-2 IV R G 2 
306702 X R G 13 eC mc loou IV R G 2 
306712 X R G 13 PC eo V R G 13 
307890 X R G ie F Cimraire4 V R G 13 
323278 X R G 13 F.C. 31934 V R G 13 
341253 X R G 13 HOLLYBROOK V R G 2 
341255 X R G 13 MACK V R G Foal ies 
341259 X R G Rs 16,19 
341261 X R G 13 NANSEMOND V S G 2eres 
ARKSOY VI R G Race, 
: 
LEE 68 VI R G 23 
ALTONA 00 R G Pays RALSOY VI R G 22 
16,19 TRACY VI R G L199 
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P.I. 86136 IV R G 2 P.I. 229361 IV S G 2 
86150 IV R G 2 243514 IV R G 2 
86740 IV S G 2 243520 IV R G 2 
86876 IV R G 2 243524 IV R G 2 
87005 IV R G 2 243525 IV R G # 
87047 IV R G 2 243529 IV R G 2 
87074 IV R G 2 243530 IV R G ‘4 
87525 IV R G 2 243531 IV R G 2 
87561 IV R G 2 243533 IV R G Z 
87571 IV R G 2 243535 IV R G 2 
87622 IV R G 2 243544 IV R G 2 
88466- 1 IV R G 2 243549 IV S G 2 
88811 IV R G 2 246367 IV R G 2 
88816 IV R G 2 246369 IV R G 2 
89769 IV R G Z 248511 IV R G 2 
90138 IV R G 2 253651-B IV S G 2 
90208 IV S G 2 253652-B IV R G 2 
90233 IV S G 2 262181 IV R G 2 
90241 IV S G 2 266807-D IV R G 2 
90245 IV 5 G fa 60273 V R G 13 
90249 IV S G 2 82184-S V R G 13 
90305 IV S G 2 83874 V R G 13 
91178 IV R G 2 84669 V R G 13 
91679 IV R G 2 85089 V R G 13 
91725-2 IV S G 2 85666-S V R G ie) 
92557 IV R G 2 85942 V R G 13 
95159-B IV R G 2 92743 V R G 13 
95769 IV R G 2 93055-S V R G 13 
96808 IV R G 2 96983 V R G ie: 
96978 IV S G 2 97066 V R G 13 
97225 IV R G 2 97081 V R G 13 
103091 IV R G ZO 157394 V R G 13 
19 157430 V R G 13 
L53321 IV S G Z 157432 V R G 3 
157401 IV R G 2 157440 V R G is 
157404 IV R G 2 157478 V R G 13 
157409 IV R G 2 157484 V R G 1os22 
157417 IV 7 G 2 Tee ht V R G 13 
157424 IV S G 2 171442 V R G 115163 
157431 IV R G Z 19e22 
157439 IV S G 2 172902 V R G ies 
157447 IV S G 2 181543 V R G 13 
157453 IV R G 2 181545 V R G 13 
157462 IV S G a 181562 V R G 13 
157472 IV S G 2 187155 V R G yi 
157492 IV S G 2 196166 V R G 13 
159923-1 IV 5 G 2 196175 V R G 13 
172901 IV R G 2 196177 V R G 13 
181539 IV R G 2 200450 V R G ‘3 
181551 IV S G 2 200472 V R G is 
200517 IV R G 2 200495 V R G 13 
200518 IV R G 2 200503 V R G 1 
200541 IV S G 2 200510 V R G 13 
205088 IV R G 2 200546 V R G 3 
219783 IV R G 2 210179 V R G 13 
224271 IV S G 2 219780 V R G 13 
226591 IV R G 2 219785 V R G 13 
229313 IV S G 2 221973 V R G 13 
229342 IV R G rs 227555 V R G 13 
229353 IV R G 2 227 55% V R G 1 fs tare 
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VIRGINIA IV R G 14 
DARE V S G 24 
ESSEX V S G 24 
eee ea ane, V R G 13 
Roem fore V R G 13 
PG. 31934 V R G 13 
FORREST V s G 24 
HOLLYBROOK V R G 2 
MACK V R G aati hs 
16,19 
NANSEMOND V R G 23,c4 
ARKSOY VI R G Lacs 
BEDFORD VI G 14 
CENTENNIAL VI R G 14 
LEE 68 VI R G 23 
TRACY VI R G 11,19 
BRAGG VII R G 14 
P.I. 79648 I S G 2 
79694 I S G 2 
81765 I S G 2 
86410 I R G Pacgen 
91732-2 I R G Z 
153244 if S G 2 
153250 i R G 2 
153279 I R G 2 
153282 I R G 2 
153308 I R G 2 
181532 I S G 2 
181536 I R G Z 
189946 I R G Z 
189947 I S G rs 
189966 I S G 2 
196159 I R G 2 
196160 I R G 2 
200508 I R G 2 
229328 I S G Z 
248410 I > G 2 
54604 II R G oe 
54862 1] R G 2 
60279 id S G 2 
80488-1 Il S G 2 
81035 II R G Z 
81763 iG! S G 2 
81767 I S G ra 
81771 II S G 2 
81773 II = G 2 
82263-2 II R G 2 
82532 II S G "4 
86002 II S G 2 
86022 Ti aS G 2 
86046 ry S G 2 
86050 II R G 2311 
86122 It R G 2 
86878-2 i S G 2 
86972-1 II R G 2 
88803 Tt S G 2 
91171 FT S G 2 
92465 II R G 2 
92639 II R G 2 
135589 Ti S G 2 
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68535 
70188 
70466-4 
79870-2 
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81030-1 
81030-2 
81041 
82232 
82235 
82246-1 
82302 
84509 
84619 
84646 
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85437 
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86071 
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200499 
209334 
224272 
227560 
227563 
227566 
227685 
£29391 
243532 
261466 
261467 
261468 
54600 
54606- 1 
58955 
59849 
64747 
70208 
80473 
80488 
80498- 1 
808 28-1 
80828-2 
81037-5 
81777 
82210 
8229] 
82295 
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Reac- Ref, Rea¢- Ref, 
Strain MG? tion> Test© no. Strain MG tion Test no. 
Poe 5 r472 IV R G 2 P.I. 93055-S V R G 13 
157485 IV R G Fa 96983 V R G t3 
157492 IV R G fa 97066 V R G 3 
159923- 1 IV S G 2 97081 V R G 13 
172901 IV R G 2 157394 V R G rs 
181539 IV R G 2 157430 V R G 13 
181551 IV R G Z 157432 V R G 13 
196155 IV R G 2 157440 V R G 13 
200460 IV S G 2 157478 V R G tS 
200517 IV R G 2 157484 V R G ts 
200518 IV R G Z 157751 V R G 13 
200522 IV R G 2 171442 V R G hoLoe 
200541 IV R G a 19 
200545 IV R G 2 172902 V R G us} 
205088 IV R G 2 181543 V R G 13 
219783 IV R G 2 181545 V R G 13 
224271 IV R G 2 181562 V R G 13 
226591 IV R G 2 196166 V R G UBS) 
229313 IV $ G 2 196175 V R G 13 
229342 IV R G 2 196177 V R G is 
229343 IV R G 2 200450 V R G ARS 
229349 IV S G 2 200472 V R G 13 
229352 IV R G Z 200495 V R G 13 
229353 IV R G Ze 200503 V R G 13 
229359 IV S G 2 200510 V R G 13 
229360 IV S G - 200546 V R G 13 
229361 IV S G 2 210179 V R G ke 
229362 IV R G 2 219780 V R G 1s 
243514 IV R G 2 219785 V R G 13 
243520 IV R G 2 221973 V R G 13 
243522 IV S G 2 227555 V R G 13 
243523 IV R G 2 229315 V R G 13 
243524 IV R G 2 229350 V R G 13 
243525 IV 5 G 2 238929 V R G 1 e 
243529 IV R G 2 238932 V R G 13 
243530 IV R G a 274508 V R G 13 
243531 IV R G 2 339864-B V R G 13 
243533 IV R G Z 340029 V R G 13 
243535 IV R G 2 340031-B V R G 13 
24354] IV R G 2 340051 V R G 3 
243544 IV R G Ze 86109 V R G 3 
243545 IV R G 2 87968 VI R G 13 
243548 IV R G 2 94159 VI R G 13 
243549 IV R G 2 96035 VI R G te 
246366 IV R G 2 96257 VI R G t3 
246367 IV R G Z 181556 VI R G 13 
246369 IV R G 2 186559 VI R G 13 
248511 IV S G 2 187156 VI R G Tz 
253651-B IV R G 2 200446 VI R G 3 
253652-B IV R G Z 200449 VI R G 13 
262181 IV R G 2 200483 VI R G 13 
266807-D IV R G 2 200502 VI R G ues} 
60273 V R G ihe. 200505 VI R G 13 
82184-S V R G 13 200553 VI R G 13 
83874 V R G 13 227214 VI R G 3 
84669 V R G 13 230974 VI R G ihe: 
85089 Vy R G 13 230976 VI R G 13 
85942 V R G 13 230979 VI R G 13 
85666-S V R G 13 283327 VI R G Vis: 
92743 V R G 13 319529 VI R G 13 
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Reac- Ref Reac- Ref, 
Strain MG? tion Test nese Strain MG* tion Test© no. 
Poe OMe IV S G Z P.I. 103080 IV S G 2 
82210 IV S G 2 103091 IV R G 25005 
8229] IV R G 2 19 
82295 IV S G ra TOSSe1 IV S G 2 
82312-N IV R G 2 157398 IV R G oie 
Scol5 IV 5 G 2 157401 IV R G 2 
82325 IV R G 2 157402 IV R G Z 
82527 IV R G Z 157404 IV 5 G 2 
82534 IV S G 2 157409 IV R G Z 
82544 IV S G 2 157410 IV R G 2 
83853 IV S G 2 V57447 IV S G Z 
83858 IV R G 2 157424 IV S G 2 
83892 IV R G 2 157431 IV R G 2 
84939 IV R G é 157439 IV S G 2 
84946- 1 IV R G 2 157447 IV S G 2 
84959 IV R G 2 157453 IV R G 2 
85469 IV R G z 157462 IV R G 2 
85505 lV S G 2 157468 IV S G 2 
85624 IV R G 2 157472 IV R G z 
85626 IV R G 2 157485 IV S G 2 
86078- 1] IV S G 2 157492 IV R G 2 
86103 IV R G 2 159923-1 IV 5 G 2 
86134-4 IV R G za 172901 IV R G Zc 
86136 IV S G 2 181539 IV R G es 
86150 IV R G 2 181551 IV R G 2 
86740 IV R G Z 196155 IV R G 2 
86876 IV R G 2 200460 IV R G Z 
86972-2 IV S G Z 200517 IV R G Zz 
87005 IV R G 2 200518 IV R G 2 
87047 IV R G 2 200522 IV R G 2 
87074 IV R G 2 200541 IV R G 2 
87525 IV § G 2 200545 IV R G 2 
87561 IV R G 2 205088 IV R G 2 
87577 IV R G 2 219783 IV R G 2 
87622 IV S G 2 224271 IV R G 2 
87629 IV R G 2 226591 IV R G 2 
88466- 1 IV S G 2 229313 IV S G 2 
88811 IV R G 2 229342 IV R G 2 
88816 IV R G z 229343 IV R G 2 
89769 IV R G Z 229349 IV R G 2 
90138 IV $ G 2 229352 IV R G 2 
90208 IV R G 2 229353 IV R G Z 
90233 IV R G 2 229359 IV R G 2 
90241 IV R G fe 229360 IV R G 2 
90245 IV 5 G 2 229361 IV R G 2 
90249 IV R G 2 229362 IV R G a 
90305 IV R G fi 243514 IV R G 2 
91132-3 IV R G 2 243520 IV R G 2 
91178 IV R G 2 243522 IV R G 2 
91679 IV S G eC 243523 IV R G Z 
91725-2 IV 5 G 2 243524 IV R G 2 
92557 IV S G 2 243525 IV R G 2 
9265] IV R G 4 243526 IV S G 2 
94159-PED-B IV R G 2 243529 IV R G 2 
95769 IV S G 2 243530 IV R G 2 
96093 IV R G 2 243531 IV R G Z 
96783 IV R G ZL 243533 IV S G 2 
96808 IV R G 2 243535 IV R G 2 
96978 IV R G 2 24354] IV = G 2 
97225 IV R G 2 243544 IV R G 2 


56 


TABLE 5—CONT'D (15) 
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Strain MG? tion> Test° noe Strain 
P.I. 243545 IV R G 2 P.I. 87968 
243548 IV S G 2 94159 
243549 IV R G 2 96035 
246366 IV R G 2 96257 
246367 IV S G 2 181556 
246369 IV R G 2 186559 
248511 IV 5 G 2 187156 
253651-B IV S G 2 200446 
253652-B IV R G 2 200449 
262181 IV R G Z 200483 
266807-D IV R G z 200502 
60273 V R G is) 200505 
82184-S V R G iS 200553 
83874 V R G 13 227214 
84669 V R G 13 230974 
85089 V R G 13 230976 
85666-S V R G 13 230979 
85942 V R G 13 283327 
92743 V R G 13 319529 
93055-S V R G 13 319530 
96983 V R G A 319531 
97066 V R G 13 341264 
97081 V R G 13 145079 
157394 V R G 13 159096 
157430 V R G 13 165671 
157432 V R G 13 200445 
157440 V R G lo 200464 
157478 V R G 13 200469 
157484 V R G iis! 200474 
157751 V R G 1 200475 
171442 V R G Rie 200491 
16,19 200506 
172902 V R G sis 200507 
181543 V R G 13 200509 
181545 V R G Nes 200523 
181562 V R G 13 200524 
196166 V R G 13 200528 
196175 V R G 13 200543 
196177 V R G 13 227219 
200450 V R G Hei 227221 
200472 V R G ‘ih: 228065 
200495 V R G 13 230970 
200503 V R G 13 230971 
200510 V R G 13 230975 
200546 V R G 13 230981 
210179 V R G 13 
219780 V R G 3 
219785 V R G ey 
221973 V R G 13 ALTONA 
ra’ a fova\s) V R G 4 Be 
229315 V R G ta HAROSOY 
229350 V R G 13 HAROSOY 63 
238929 V R G 13 
238932 V R G 13 KINGWA 
274508 V R G 13 SANGA 
339864-B V R G Ue) 
340029 V R G 13 MACK 
340031-B V R G 13 ARKSOY 
340051 V R G 13 TRACY 
86109 VI R G 13 P.I. 171442 
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MG* €ion Test© none Strain 
ih. eR G 19 
coe Ge 16: 
19 ALTONA 
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SANGA 
oon ms Ga = 11.16) “MACK 
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is G HW P.I. 103091 
tie 2s cum 1116. 171442 
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i = R es 0 16 
iw 8 R Geer t6. 
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pe FR G 11,16,  HAROSOY 
19 HAROSOY 63 
VIS G HW SANGA 
VIR G 11,19 MACK 
i 2 Geen 41 TRACY 
My, ees Git.” 16.19% PeE esas 
vy Os G Wier 171442 
19 
ALTONA 
oo: 9S G 16,19  HAROSOY 
ines G 19 HAROSOY 63 
mos G 16,19 SANGA 
Tw WR G 16 MACK 
iw ER G 16,19 TRACY 
V R G 16,19 P.1s 103091 
ie = 'R G 19 171442 
ie eR G 16,19 
es G Toit 
19 
ALTONA 
HAROSOY 
HAROSOY 63 
abe ans G 16,19 SANGA 
oe 0s ee. 19 MACK 
iS G.) 16.19 | TRACY 
iv) © R G 16 P.I. 103091 
iv OR G 16,19 171442 
au eR G 16,19 
vie AR G 19 
iG s 16,19 
V R Go 16619". ALTONA 
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HAROSOY 63 
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oo © Ss G 16,19 MACK 
te Pes 6: eso TRACY 
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Reac- Ref. 


Strain MG? tion Test© no.4 
HAROSOY 19 S G 16 
HAROSOY 63 Il R G 16 
SANGA IV R G 16 
MACK V R G 16 
TRACY VI R G 16 
Pal gel 0309. IV R G 16 
171442 V S G 16 
ALTONA 00 R G 16 
HAROSOY ne R G 16 
HAROSOY 63 II R G 16 
SANGA IV 5 G 16 
MACK V S G 16 
TRACY VI R G 16 
Pilg. 03091 IV R G 16 
171442 V R G 16 
aMaturity group. DR=resistant; S=suscepti- 
ble. ‘°F=field; G=greenhouse. References 


cited, by number. 
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PURPLE SEED STAIN 


CAUSAL AGENT: Cercosporaktkuchtt (T. Matsu 
and Tomoyasu) Gardner (Syn.: 
Cerecosporina ktkuchttiT. Matsu 


and Tomoyasu). 


IMPORTANCE: The disease also is known 
as purple spot, purple blotch, purple speck, 
or lavender spot and is worldwide in distri- 
bution. Purple seed stain may not reduce 
yields significantly; but sometimes, a high 
percentage of the seeds may be stained, 
lowering the quality of a seed lot. Dis- 
coloration is not detrimental to seeds for 
processing, because the color disappears 
when the seeds are heated. Infected seeds 
with 50 percent or more discoloration ex- 
hibit reduced germination. 

SYMPTOMS: The seeds, pods, stems, and 
leaves of soybeans are affected. Purple seed 
stain is most conspicuous and is easily dis- 
tinguished on the seeds. The seed discolor- 
ation varies from pink or a pale purple to a 
dark purple (Figure 6). The discolored areas 
range from specks to large, irregular blotches; 
or, they may cover the entire surface of the 
seed coat. Generally, cotyledons are not 
discolored. The purple color isoften accom- 
panied by cracks in the outer layers of the 
seed coat. 

Infected seeds reduce the stand or often 
produce diseased seedlings. The infected co- 
tyledons are often shriveled, turn a dark pur- 
ple, and fall prematurely. Cotyledonary 


Figure 6. 
tion with Cercospora ktkuehti and other Cerecospora 
spp. Noninfected seeds (RIGHT). 


60 


infection may spread into the stem, produc- 
ing necrotic areas that girdle the stem and 
kill the young plant. Seedlings that are 
affected less severely survive, butvare 
stunted. After planting, within a week or 
two under warm and humid conditions, a 
velvety grayish-white growth of conidiophores 
and conidia appears on infected portions 

of the cotyledons and stems. 

Infected primary and, secondary leaves, 
especially late in the season, develop 
angular, reddish-brown spots that frequent- 
ly coalesce to form areas up to PS milda- 
meters in diameter. Such areas have a 
crusted appearance and are thickened. Le- 
sions are not differentiated into zones, 
and do not have chlorotic margins. The 
leaves turn yellow prematurely when the in- 
fection “is severe. 

Early infections of stems and petioles 
on older plants are characterized by slight- 
ly sunken areas that are irregular and a 
reddish-purple. Such areas are 1 to several 
millimeters long. The lesions coalesce to 
girdle up stems and petioles. 

RESISTANCE: A number of cultivars have 
been reported as resistant to Cercospora 
ktkuchit (Table 6). The data come from a 
variety of sources, determined by counting 
the number of lesions on leaves, pods, and 
seeds under field conditions or after inocu- 
lating plants with mycelial suspensions 
under greenhouse conditions. 


Seed discoloration (LEFT) caused by infec- 
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Table 6. 


Stxraumn 


MANDARIN 
MUKUNI 
OKAGARA 
OMEJIRO 
LINCOLN 
MANCHU 
SEIDO-DAIZU 
SEMINOLE 
SHIROPAN KONG 
SUIGEN NO. 10 
TRCASNO. OT" 
URUSAN DAIZU 
YAGI 

WABASH 

WAKAJ IMA 
LAREDO 

CNS 

C-30 
DEKISUKI 
DORTCHSOY 
D-4 


6 
2 


a 


-2 
-3 
-4 
-/ 


“Maturity group. 


mc* 


VII 
VII 
Vid 
VII 
VII 
VII 
VII 
VII 
VII 


b ; : 
R=resistant; MR=moderately resistant. 
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Stagaan 


F-16 

F-19 

F-42 

GABEN 

HALE OGDEN 
HISHOSHU 
PALMETTO 


PINGHING-CHU-TZU- 
TOO 
PINTUNG GREEN BEAN 


ACADIAN 
AKAGARA 
AKASAYA KANJOE 
BILOFIELD 
BLACKBEAN 
CHADAMATE 
CHANTANG 
CHICHIBU- 


MUSHEACHIN 
IMPROVED PELICAN 


KANTO NO. 13 
KOOHSING NO. 1 


KOOHSING NO. 19 


KURADAIZU 
Pid. 80837 


mc* 


VII 
VII 
VII 
VII 
VII 
VII 
VII 


VII 

VII 

Vii) 
VIII 
VIII 
VIII 
VEEt 
VIII 
VIII 


VIII 
VIII 
VIII 
VIII 
VIII 
VIII 
IV 


“E=field; G=greenhouse. 


Purple seed stain (Cercospora ktkuchit), reaction of soybean cultivars, by ma- 
turity group 


Reac= Ref 


tion Test© nol 
MR F Z 
MR F 2 
MR F bs 

R E 4 

R F 4 

R F 4 

R F 2 

R F Z 

R F 2 

R FG 24 
R F 4 
MR 5 2 

R F 2 

R F 2 

R F 4 

R F 4 

R FE 2 

R F 2 

R F 2 

R Fe Z 

R F 2 
MR F 2 

R FG 13559 

onerons 


PYTHIUM ROOT ROT 


CAUSAL AGENT: Pythtum aphantdermatum 
(Edson) Fitz., P. debaryanum 
Hesse, P. trregulare Buis., 
P,. myrtotylum Drechs., P. 


ulttimum Trow. 


IMPORTANCE: Pythium rot is worldwide 
in distribution and can occur on soybean 
plants at any time from seed germination to 
midseason, but the disease is primarily one 
that affects seedlings. Generally, only 
scattered individual plants or small groups 
of plants are killed. Although the stand 
may be reduced, the disease usually does 
not cause economic losses. Several species 
of Pythtum have been reported to cause a 
seed decay, preemergence and postemergence 
damping-off (Figures 7A and B), and root 
rot: Pythtun aphantdermatun, P. debaryanun, 
P. trregulare, P. myrtotylum, and P. 
ulttmum. All five species are cosmopolitan 
in soils and attack a wide range of crop 
plants. 

SYMPTOMS: Seedlings infected with 
Pythtum debaryanum and P. ultimum may ex- 
press different symptoms. Pythtum 
ultimum-infected seedlings show "wet rot" 
symptoms; whereas, ''baldhead"' symptoms are 
prominent on seedlings infected with P. 
debaryanum. Both species are capable of 
causing seed rot and preemergence damping- 
off in cold, wet soils. 

Pythtum ultimum-infected seedlings may 
fail to emerge. If they emerge, the 
hypocotyl is attacked at the ''crook" region 
or at the growing root tip. Seedlings 
attacked at the crook region generally die. 
Those attacked at the root tip initiate 
secondary roots and generally survive. 


Fipure -/. 
wilting and death caused by Pythtum spp (B). 
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Freshly invaded stem tissues are trans- 
lucent. Older lesions become brown, and a 
soft watery rot is produced. Later, if dry 
weather sets in, the plants look dry and 
shredded (Figure 7B). The cortical tissues 
in the larger roots may be badly disinte- 
grated and may slough-off, exposing the 
central woody cylinder. Smaller roots may 
be completely decayed or may break away 
when plants are pulled from the soil. 

Pythtum debaryanum-infected seedlings 
develop small lesions that are black, dry, 
and sunken. The lesions appear on the 
cotyledons and are more prominent on the 
upper surface. These may coalesce to pro- | 
duce larger lesions. Watersoaking does not 
occur. Even though the hypocotyl of in- 
fected seedlings may be 2 or 3 times the 
diameter of a normal hypocotyl and may remain 
free of lesions or any discoloration’ at or 
near the soil line, the apical meristem may 
pe severely ’stimted.6)So-the. hypocotyl 
swelling may be confused with herbicide in- 
jury. Two axillary buds may develop at the 
cotyledonary node. Stems from these buds 
grow slowly, with shorter internodes and 
much smaller trifoliolate leaves than normal. 

There is little information regarding the 
symptoms deveioped by infection with the other 
Pythtum species. Pythtum aphanidermatum causes 
a root rot in warm, moist soils that closely re- 
sembles that incited by other Pythtum species. 

RESISTANCE: Pythtum debaryanum is the 
most frequently isolated species from soy- 
beans. However, most of the screening of 
cultivars has been with mixed populations. 
All of the germ plasm collections have not 
been evaluated. Maturity Groups II to IV 
have been studied. 
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Soybean seedlings killed in a field, upper right (A), and a closeup showing the 
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Table 7. Pythium root rot (Pythiwm spp.), reaction of soybean cultivars and plant intro- 
ductions, by maturity group 


Reac- Ref. Reac- Ref. 

Strain MG2 tionb Test No.4 Strain MG2 tion” Test No.4 
MANDARIN (OTTAWA) 0 R F 7 P.I. 90566-1 rid R F 2 
CORSOY II R 3 7 90567-1 [TI R F 2 
KANRO II R F 7 90573 Pit R F 2 
ADELPHIA III R F 7 91083 rit R F 2 
KENT IV R F i 91089 Lk R F 2 
KINGWA IV R F 7 91113 III R F 2 
PATOKA IV R F 7 70243 IV R F 2 
PERRY IV R F 7 70490 IV R F 2 
SEMMES VII R A 2 71444 IV R F 2 
Pale ol97] II R 2 ] 71463 IV R F 2 
82263-3 II R F ] 80834-1 IV R F 2 
229322 II R F ] 81034-1 IV R F 2 
238930 II R F ] 81034-2 IV R F 2 
248398 II R F ] 82295 IV R F 2 
69995 III R E. Z 82296 IV R 2 2 
70470 RG R F 2 82554 IV R F 2 
70473 11a R F 2 83881A IV R F 2 
70500 Iii R F 2 83944 IV R F 2 
70519 III R F 2 83946 IV R F 2 
79628 III R F 2 84632 IV R F 2 
82308 III R F 2 84639 IV R F 2 
83945-1 III R F 2 86078-1 IV R F 2 
84619 itt R F 2 86457-1 IV R F 2 
84979 III R F z 88300 IV R F 2 
86032 III R F 2 88302-2 IV R F 2 
86073 III R F 2 89128 IV R F 2 
86098 III R F 2 9024] IV R F 2 
86449-2 III R F 2 90369 IV R F 2 
88312 jae R F 2 90479-1 IV R r 2 
88349 III R i 2 91073 IV R F 2 
88803-1 III R F 2 91100-4 IV R F 2 
89784 III R F 2 91108-2 IV R F 2 


aMaturity group. DR=resistant. CF=field. dReferences cited, by number. 
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SOYBEAN RUST 


CAUSAL AGENT: Phakopsora pachyrhtat Sydow 
(Syn.: Aertdtum glyetnes P. 
Henn. , Phakoposora crotalarta 
(Dist. APin, oeewmeerae 
Fujikuro, P. sojae (P. Henn.) 
Sawada nom. nud., P. vignae 
(Bres.) Arthur, Physopella 
coneors Arthur, P. metbomiae 
Anthur,. 2. vtgnace Arthur, 
Uredo coneors Arthur, U. 
erythrinae Arthur, U. sojae 
P.:Henn.., .U.. vegnae Bres. 
and Uromyces sojae (P. Henn.) 
Miura non Sydow. 


IMPORTANCE: Phakopsora pachyrhizt is 
wide spread in the tropics and subtropics 
of the world on over 50 wild and cultivated 
legumes [10], including the soybean plant. 
The disease is widely distributed on soy- 
beans in the tropics of the Eastern Hemi - 
sphere, where it has been reported from al- 
most all countries including Australia and 
Russia. The rust/is destructive anpmost 
soybean-growing areas of the East. Yield 
Losses of 10 to, 40 percent have. been re- 
ported from Thailand on local cultivars, 
with complete losses on some imported 
cultivars.? Losses: of 235) to S0lpercent have 
been reported from Taiwan. The disease has 


Figure 8. 
of Phakopsora pachyrhtzt, the soybean rust fungus (B). 


been reported on soybeans in the Western 
Hemisphere in Brazil, Colombia, and Puerto 
Rico; -however, only in restrictéed=arega. 

SYMPTOMS: Chlorotic to gray-brown 
spots appear first, primarily on the leaves. 
Pustules in the spots grow larger and break 
open to release masses of powdery spores 
(uredospores) (Figure 8). Pustulesamay 
appear on the upper and lower leaf surfaces; 
also, on petioles and the smaller stem 
parts (Figure 8). Rust causes premature 
defoliation as well as a reduction in pod 
formation and the number and weight of 
seeds. 

RESISTANCE: Extensive screenagaro. 
soybean accessions has been carried out in 
India, Indonesia, the Philippines, Taiwan, 
and Thailand where the rust fungus is in- 
digenous. Results from these studies have 
shown that accessions differ in their 
severity of rust development and in field 
tolerance (Table 8). Bromfield [3] found 
differences in virulence among 4 isolates 
of the pathogen from Australia, India, 
Puerto Rico, and Taiwan on soybeans. All 
4 isolates gave a hypersensitive reaction 
on P.I. 230970 and 230971. Bromfzeld) ana 


Hartwig [2] suggested that resistance to P. 
pachyrhtzt in the soybean is governed by a 
single, dominant gene. 


Rust symptoms on upper (LEFT) and lower (RIGHT) leaf surfaces (A); and uredospores 
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Table 8. Soybean rust (Phakopsora pachyrhizt), reaction of soybean cultivars and plant in- 
troductions, by maturity group 


Reac- Ref. Reac- Ref. 
Strain MG? tion? Test© No.4 Strain MG2 tion> Test No.d 
Asian Vegetable Research and Development INDIA (GBPUAT, Pantnagar) 
Center, Taiwan, ROC 
Bue Cen Ege £C-11695 > FT Foo 
BANSEI-KURO-DAIZU ? FT = a 
EC-36956 ? LET PTA 
HARDEE VIII FT at: 
EC-50081 ? LET PMLya 
HIGO DAIZU ? FT Saha: 
PK-71-39 ? FT Hie en 
HS=1 2 FT FO $ PK-73-84 ? FT Po 4 
KAIRYOU SHIROME ? FT Pawar 6 
PK-73-94 ? FT slyy: 
KS-469 ? = set 
TAINUNG 3 ? Ey pee 0 
KS-535 ? FT es 
TAINUNG 4 ? FT Fm OA 
R-10 2 FT FS UPSL-85 2 FT Feasts 
SHAKKIU-NASHI ? FT ee 
UPSL-168 ? FT Bey ig 
SHIN-2 ? FT Ba 
P.I. 88816 Seem CEE pe oan 
SHIRO-DAIZU ? FT Fama 
181567 Tee ius: aE 
TAINUNG 3 2 S he es 200451 ae aera Fe yins9 
TAINUNG 3 ? FT = Aa ; 
200455 Vibe LET poping 
TAINUNG 4 2 - Fe Raed 200465 VITOOP RT F415 
TAINUNG 4 2 FT BT 200466 uIT. WET ey Pies 
UPSL-85 2 LFT FE gagl 9 200474 ab. ust: yee 
YAGI-| 2 FT EPS 200476 VEPw IE Powis 
66-D-20 2 FT FS 200477 Kit) ET Bead o15 
66-G-3 2 FT Reakg 224270 VII LET Pee: 
de setae. dajareait Bit 200490 =sVII_sFT F 14,15 
P.I. 60273 V FT E ele 200492 VII FT ati: 
62204 V FT Fatal? 200487 ‘iege dust Fee ead 
90406 NT) eT Pphel? 224268 VIII FT Bo ais 
94159 ae! Fo 9 285089 EX ET EE yard, 
159322 Te ta eo sae z 2 ee 
181561 pe) a F 19 SRCLeTE ; ; ToS 
371609 Vien ET Fa e219 
200451 VII FT F 19 
200465 Vite rT nea ae 
200466 SITET a ak Hoel ots 
200477 VIL FT F 19 
200492 yee tae 2 Gh ARISOY VIII FT F 4 
i9 BILLOMI-1 ? FT a eG 
200492 VII § ce A JAGUS ? FT ed as 
230970 MIT FT Ae achat HY2217 ? FT ear 
230971 Cit a PET fo. casgy KLUNGKUNG ? FT FE -4ri6 
LS1Do 2 FT PAeTe 
MATSUURA eta F 4,16 
SANKUO ? FT FA 16 
HY2217 ? FT PAS] TAINUNG 3 ? S ee 
TAINUNG 3 ? FT F O4 NO. 1312 ? FT Pranic 
TAINUNG 4 ? FT F- 4 (P14S/2) 
P.I. 200492 VII FT pa NO. 842 OHITO ? FT Fara i6 
219653 VIII FT pe a} OKIDAIZU 
224268 WITT) PFT Haan NO. 986 ? FT F- 4 
227687 VIII FT A X74-853001 2 FT Fry ad 
227687 VIII S Peet P.I. 368037 i os ay 
245331€ I S pati 200451 Vit ¢s Feu t6 
74-854001 ? S coud 200492 VII § NS 


ee al 


Maturity group. brT=field tolerant; LFT=low field tolerant; S=susceptible. ©F=field study. 
References cited, by number. Glycine soja. {Glycine tomentella. 
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TABLE 8-CONT'D (1) 


Reac- Ref. 

Strain MG? tionb Test¢ No.d 
Philippines ~ 

L-11 ? at 2 4 
TAINUNG 3 i Fi F 4 
TAINUNG 4 ? FT 5 4 
TK-5 a FI 2 4 
TK-5 & S F 9 


aMaturity group. DFT=field tolerant; LFT= 
low field tolerant; S=susceptible. CF= 
field study. 4References cited, by num- 
ber. ©Glyctne soja. fGlyeine tomentella. 
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SCLEROTINIA (WHETZELINIA) STEM ROT 


Selerotinta selerottorum 
(Lib.) d. By. (Syn.: Whet- 
zeltnta selerottorum (Lib.) 
Dork and Dumont). 


CAUSAL AGENT: 


IMPORTANCE: Sclerotinia stem rot is 
worldwide in distribution, infecting a wide 
range of crops and weeds. The disease has 
been reported on soybeans from Brazil, Can- 
ada, Hungry, India, and the United States. 
Stem rot is considered to be of minor im- 
portance, except for local outbreaks during 
prolonged wet periods during which plants 
may be killed prematurely. 

One of the hazards with stem rot is 
the contamination of soybean seedlots. The 
large, black sclerotia produced by the 
causal fungus are not separated from seeds 
during harvesting operations. Thus, a 
small center of infection with a field may 
contaminate a large volume of seeds. At 
a foreign port of entry, even a few sclero- 
tia in a shipment intended for human con- 
sumption will cause the entire shipment to 
be rejected. 

SYMPTOMS: This soil-borne fungus may 
cause a preemergence and postemergence 
damping-off of soybean seedlings. The in- 
fected seedlings that do emerge develop a 
watery, soft rot of the hypocotyl and coty- 
ledons. Reddish-brown lesions develop on 


the seedlings of some cultivars. Older plants 


may become infected under wet weather conditions. 


The wilting and withering of leaves are of- 
ten the first symptoms observed on older 
plants. Withered leaves remained attached 
for some time. A "cottony," mycelial growth 
of the causal fungus is present on the stem 
surface, usually near the soil line. Occa- 
sionally, this mycelial growth may be ob- 
served on the stem, side branches, and pods 
midway up affected plants. Stems girdled by 
the fungus die. Side branches may also be 
infected and killed. 

Large, black sclerotia of varying size, 
round to irregularly shaped, form on stems 
partially covered with dense white mycelium. 
Sclerotia are often formed in the stem pith 
and are conspicuous only when the stem is 
opened (Figure 9). Occasionally, sclerotia 
are found in pods. 

Seeds may become infected within dis- 
eased pods. If infection occurs early, the 
seeds are flattened, become badly shriveled, 
and sometimes are replaced by black sclero- 
tia. Pods are rarely formed on the lower 
portion of infected stems. 

RESISTANCE: Onlya few (Table 9). There 
has been no evaluation of the germplasm col- 
lection. The pathogen is quite variable, 
and resistance to one isolate may not mean 
resistance to another. 


Figure 9. Sclerotia of Sclerotinta 


sclerottorum (LEFT), 


on the stem 


(CENTER), and in the pith (RIGHT) 
of infected soybeans. 
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Table 9. Sclerorinia stem rot (Selerotinia 
selerottorum) , reaction of soybean 
cultivars, by maturity group 


Reac- Ref. 
Strain MG@ tion? Test™ no.d 
ADA 00 R F 2 
NORMAN 00 R F ,G 2 
PORTAGE 00 R G 2 
CLAY 0 R F,G 2 
DUNN I -R G 2 
WIRTH I R G 2 
BEESON iti R G 2 
CORSOY Jia R F,G Z 
HAROSOY inal R G 2 


@Maturity group. DR = resistant. CF = field; 
G = greenhouse. 4References cited, by number 
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SCLEROTIUM (SOUTHERN) BLIGHT 


CAUSAL AGENT: Selerottum rolfsit Sacc. 

IMPORTANCE : 
wide in distribution and infects over 200 
species, of plants:  Genérally, the disease 
does not cause major economic losses on soy- 
beans. Sclérotium blight is more severe in 
sandy soils when the soil and air tempera- 
tures are high. The fungus survives in’ the 
Sobl as -sclerotmay, 

SYMPTOMS: The causal fungus produces 
a variety of symptoms on soybeans including 
preemergence and postemergence damping-off, 
basal stem rot, and leaf rot. On seedlings 
and stems, the fungus produces a white, 
"cottony" mycelial growth over the stem sur- 
face. Infected seedlings orolder plants 


Sclerotium blight is world- 


are often killed prematurely. The fungus 
produces an abundance of globular sclerotia 
that are tan to reddish-brown or dark-brown. 
These are associated with the mycelium on 
the surface of the plant (FiguremO)mabean 
infection is rare. The leaf spotsyarerca.— 
cular and are brown to straw-colored, usu- 
ally concentrically zonate with a narrow, 
dark margin. Leaf infection occurs when 
infested soil particles are carried to the 
leaves by wind and water. 

RESISTANCE: All of the screening for 
resistance to Sclerotium blight was done in 
India (Table 10). The screening was done 
under greehhouse conditions. Only 60 ac- 
cessions were tested. There weres37;aeces- 
sions that showed resistance. 


Figure 10: 
ern) blight 
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Symptoms of Sclerotium (South- 

on soybean stems caused by 
Selerottum rofstt. Note the small sclerotia : 
of the fungus associated with the white, 
"cottony" mycelium. 
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Table 10. Southern blight or Sclerotium blight (Selerotium rolfstt), reaction of soybean 
cultivars and plant introductions, by maturity group 


Reac- Ref. Reac- Ref. 
Strain MG tion> Test* no,¢d Strain MG tionb Test© no.4 
HAROSOY II MR G 3 ABURG ? MR G ] 
SHELBY III MR G 3 AMERICAN 2 R G ] 
CLARK 63 IV MR G 3 CES 16-14 ? R G ] 
SCOTT IV MR G 5 CES 16-14 PIN ? R G ] 
DARE V MR G 53 CES 16-14 PD ? MR G ] 
DORMAN V MR G 3 CES 16-26 ? MR G ] 
HILL V S G ] 1-346 2 MR G ] 
HILL V MR G 3 IC-216 4 R G 3 
HOOD VI R G 3 KAOSHIUNG NO. 3 ? R G ] 
LEE VI MR G 3 KE-32 4 R G ] 
PICKETT VI MR G 3 L-2 ? MR G ] 
JACKSON VII R G 3 L-114 ? R G ] 
MONETTA VII R G 3 PB-] ? R G 3 
PALMETTO VII R G 3 SHIH-SHIH ? MR G 3 
SEMMES VII MR G 3 TAINUNG 3 ? R G ] 
BIENVILLE VIII MR G 3 TAINUNG 4 ? R G ] 
HARDEE VIII MR G 3 TAICHUNG E-32 : R G 3 
IMPROVED PELICAN VIII R G 3 UPLBSY -2 4 MR G ] 


a ; ’ : 
Maturity group. peresistant; MR=moderately resistant, S=susceptible. “G=green-house. 
References cited, by number. 
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DIAPORTHE STEM CANKER 


CAUSAL AGENT: Dtaporthe phaseolorum (Cke. 
& Ell.) Saccy vars scaulivordg 
Athow and Caldwell. 


IMPORTANCE: Stem canker is a very 
destructive disease capable of killing full- 
grown plants from midseason to maturity. 
Yield losses of 20 to 50 percent have been 
recorded when infection takes place soon 
after the pods began to develop. The dis- 
ease occurs throughout the North-Central 
United States and has been reported from 
Canada. Stem canker has not been reported 
from other areas; but the history and dis- 
tribution of the disease are difficult to 
trace because for a long time, it was in- 
cluded in a disease complex with pod and 
stem blight. 

SYMPTOMS: The first symptom (usually 
overlooked) is the appearance of small, 
reddish-brown lesions on one or both 
cotyledons. The discoloration may extend 
to the stem, causing infected seedlings to 
wither and die. 

Generally, the disease is observed 
first during the latter half of the growing 


Figure 11. 


season when dead plants are seen with dried, 
attached leaves. Infection usually starts 
as a small, superficial, reddish-brown 
lesion on the leaf scar after the petiole 
has fallen. Infection is evident on the 
lower part of the stem, generally at one or 
more of the first eight nodes. The lesion 
rapidly enlarges to form a slightly sunken 
canker that is reddish-brown and up to 
several centimeters long. The canker 
girdles’ and the plant kills it (Figure 11). 
Older lesions become brown to chocolate- 
colored or black. When plants are killed, 
green stem tissue above and below the cank- 
ered portion distinguishes stem canker from 
other stem diseases. Invaded stem tissues 
are brittle, and plants break easily at the 
canker. 

RESISTANCE: A limited screening of 
germplasm collections for resistance to 
Diaporthe stem canker has been done (Table 
11). Accessions in maturity group II have 
been screened under field conditions. Cul- 
tivars available with resistance are avail- 
able, but the resistance is not considered 
to bev high: 


Lesions and cankers on a soy- 
bean stem caused by Dtaporthe phaseolorum 
var. caultvora. 
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Table 11. Stem canker (Dtaporthe phaseolorum var. caulivora), reactionof soybean cultivars 
and plant introductions, by maturity group 


Reac- Ref. Reac- Ref. 

Strain MG2 tionb Test¢ no.d Strain MG@ tionb Test¢ no. 
FLAMBEAU 00 R ewes g Ja) Pelee Os) eo! ia R E 4 
MANDARIN (OTTAWA) 0 R F;G. 6 68729 iG R F 4 
PRIDESOY I R FG 6 68732 Ii R F 4 
HAROSOY 63 II R ? lee 6874] II R F 4 
LINDARIN 63 Le R ¢ ] 68748 II R F 4 
HARMAN III MR F vi 68761 II R F 4 
LINCOLN III MR F re 68761-3 Li R F 4 
F.C. 03654N III R FE 4 68765 II R F 4 
68788 i R ie 4 
P.I. 70242-4 0 R F 4 68815 II R F A 
70087 I R fe 4 69992 II R F 4 
54607 iat) R F 4 70021 II R FE 4 
54608 II R F 4 70089 II R F 4 
68410 YY R F 4 7009] Lia R F 4 
68421 II R F 4 70224 Ba R 3 4 
68439 II R F 4 70228 fi R F 4 
68484 -1 II R E A 70242 Ve R F 4 
68508 II R F 4 70251 ial R F 4 
68521 ld R F 4 68479 itt R F 4 
68522-2 II R F 4 68479-1 III R F 4 
68526 II R F 4 68528 Li R F 4 
68530 II R E 4 68530-2 III R F 4 
68543 II R iz 4 68533-1 Lid R F 4 
68551-2 II R F 4 68535 LE R F 4 
68551-3 I R i 4 68692-2 Gia R F 4 
68622-1 II R F 4 68710 pial’ R ie 4 
68676 li R b 4 68731 III R P 4 
68680 II R F 4 70247-1 Lit R F 4 


aMaturity group. R=resistant; MR=moderately resistant. 
ences cited, by number. 


CF=field; G=greenhouse. Refer- 
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BACTERIAL BLIGHT 


CAUSAL AGENT: Pseudomonas glyctnea Coerper 


(Syn. P. syringae van Hall) 


IMPORTANCE: Bacterial blight occurs 
worldwide and is the most common bacterial 
disease of soybeans, especially during cool 
and wet weather. Thedisease occurs through- 
out the United States, where many cultivars 
are very susceptible. The disease is most 
conspicuous in fields up to midseason. The 
causal bacteria remain active until checked 
by hot, dry weather. 

SYMPTOMS: Lesions are conspicuous on 
the leaves and are frequently found on the 
stems, petioles, and pods. Small, angular 
spots appear on the leaves. The spots are 
translucent and watersoaked, yellow to light 
brown. The centers soon dry out, turn dark 
(reddish-brown to black), and are surrounded 
by a watersoaked margin bordered by a 
yellowish-green halo. Young leaves fre- 
quently show stunting and chlorosis. During 
cool, rainy weather, the angular lesions 
enlarge and merge to produce large, irregu- 
lar, dead areas. The centers of older le- 
sions frequently drop out or tear away, 
giving the leaves a ragged appearance 


PipuresLZ. 
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(Figure 12). This is especially true after 
strong winds and beating rains. Early de- 
foliation of the lower leaves may occur. 

Lesions usually appear first on the 
cotyledons, generally at the margins. The 
lesions enlarge and turn a dark brown as the 
tissue collapses. Young seedlings may be 
stunted. If the growing point is blighted, 
the seedling usually dies. 

Pod lesions are small and watersoaked 
at first. Later, they enlage and merge to 
involve a large part of the pod. The le- 
sions turn a dark brown to black with age. 
Seeds become infected and may eventually be 
covered with a slimy, bacterial growth. 
Later, stored seeds may show a variety of 
symptoms, including shriveling, sunken or 
raised lesions, and slight discoloration. 
Stored seeds may also look healthy. Large, 
black lesions may develop on the stems and 
petioles: 

RESISTANCE: Limited research has been 
done on the races of the pathogen, and the 
reaction of various cultivars and germplasm 
collections to the races (Table 12). We 
suspect that more races of the pathogens 
exist than those that have been described. 


Leaf symptoms of bacterial blight cause 
by Pseudomonas glyetnea (P. syringae). 
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Table 12. 


Brown stem rot (Phtlaophora gregata), reaction of soybean plant introductions, 


by maturity group 


Strain 


Reac- 


Test © 


Ref 


Strain 


MG? 


Reac- 


Ref, 


ACME 
FLAMBEAU 


MERIT 
NORCHIEF 
NORCHIEF 
CHIPPEWA 
HAROSOY 


LINDARIN 


Pela eisacoy 
189968 
68708 


ACME 
FLAMBEAU 


MERIT 
MERIT 
NORCHIEF 
NORCHIEF 
NORCHIEF 
CHIPPEWA 
CHIPPEWA 
HAROSOY 


LINDARIN 


Pals e207 
189968 
68708 


ACME 
FLAMBEAU 
MERIT 
NORCHIEF 
CHIPPEWA 
CHIPPEWA 
LINDARIN 
HAROSOY 


ACME 
FLAMBEAU 
MERIT 
NORCHIEF 
CHIPPEWA 
LINDARIN 
HAROSOY 


Mc? tion 
00 S 
00 S 
0 R 
0 R 
0 S 
I R 
it R 
Il R 
0 R 
I R 
i S 
00 S 
00 S 
0 I 
0 S 
0 I 
0 MR 
0 S 
I R 
I S 
II S 
Li S 
0 = 
I R 
Te 5 
00 S 
00 R 
0 I 
0 I 
I R 
I I 
II S 
i S 
00 S 
00 S 
0 S 
0 S 
I I 
II S 
Ly S 
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ACME 
FLAMBEAU 
MERIT 
NORCHIEF 
CHIPPEWA 
LINDARIN 
HAROSOY 


ACME 
FLAMBEAU 
MERIT 
NORCHIEF 
CHIPPEWA 
LINDARIN 
HAROSOY 


ACME 
FLAMBEAU 
MERIT 
NORCHIEF 
CHIPPEWA 
LINDARIN 
HAROSOY 


00 
00 


Il 
II 


NDADADDDA DD 


M GG QQ @D@M M@@ GQ @ 


MOMMA MD® 


No race specification 


ELTON 

HABARO 

CLOUD 

CLARK 63 

EBONY 

SCOTT 

VIRGINIA 

HELL 

HOOD 

LEE 

OGDEN 

CNS 

DORTCHSOY 

MAMMOTH YELLOW 

PALMETTO 

CHEROKEE 

HAMPT OM 

HARDEE 

LA. GREEN 

BRATISLAVSK 
YELLOW SL1 

BRNESKO CHEME- 
LAROVA 

EG] 
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TABLE 12—CONT'D (1) 


Reac- Ref. 

Strain Mc? tion Test© no.d 
KHARBINKAYA ? R G 16,24 
KUBANSKOYA ? R F 16,24 
NEPOLEGAYUSCHYA ? R F 16,24 
PLATTSKALARGE 

YELLOW ? R F 17 
P.I. 68708 Li R : 1] 
4Maturity group. DR=resistant. CFf=field 


study; G=greenhouse. “References cited, by 


number. 
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BACTERIAL PUSTULE 


CAUSAL AGENT: Xanthomonas phaseolt (E.F. 
Smith) Dowson var. sojensis 


(Hodges) Starr and Burkholder. 


IMPORTANCE: Bacterial pustule has been 
reported from most of the soybean-growing 
areas in the world where warm temperatures 
and frequent showers prevail during the grow- 
ing season. Premature defoliation caused by 
the bacterium may bring about yield losses by 
reducing the size and number of the seeds. 

SYMPTOMS: Early symptoms are minute, 
pale-green spots with elevated centers on 
either or both leaf surfaces. Later, a 
small pustule forms in the center—a pustule 
that is raised and light-colored. The 
pustule usually forms in lesions on the 
underleart surface (Fisure 13) » ihe sports 
vary from minute specks to large, irregular, 
mottled-brown areas that arise by the 
coalescing of smaller lesions. Leaves be- 
come ragged when dead areas tear away dur- 
ing windy weather. Severe infection often 
results in some defoliation. Leaf spots 


sometimes form without developing pustules. 
Small spots that are reddish-brown and 
slightly raised may develop on the pods of 
susceptible cultivars. 

At times, the symptoms of bacterial 
pustule may resemble those of bacterial 
blight. However, pustule lesions are not 
watersoaked during the early stages of de- 
velopment and usually have minute, raised 
pustules in/the "centers. 

RESISTANCE: Studies completed to date 
have shown that there is little variation 
among isolates of the bacterium, indicating 
that there are no recognized races. a. 
ferences have been found in the reaction of 
cultivars, Plant Introductions, and other 
accessions (Table 13). The cultivar CNS 
shows no evidence of pustule development 
and has been widely used as a source of re- 
sistance in breeding programs. The germ- 
plasm collection of groups 0 to VIII has 
been screened for reaction to the bacterial 
pustule bacterium, but no information is 
given about groups IX or X. 


Figure: 13. 


Bacterial pustule lesions caused by Xan- 


thomonas phaseolt var. sojensts on the lower 
and upper (RIGHT) leaf surfaces of soybeans. 
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Table 13. Bacterial pustule (Xanthomonas phaseolt var. sojense), reaction of soybean cul- 
tivars and plant introductions, by maturity group 


Reac- Ref. Reac- Ref. 


MANDARIN , R id 15 CHEROKEE Vib aR F eA 
AMSOY II R Ga ol6 COBB VIII R ~ 10 
AMSOY Lt HS F 13 COKER 338 UoLiSarR F 10 
HAROSOY-63 rr R mech, Pas) COKER 488 VitIC Rr F 10 
COLUMBIA III R a 15 DOWLING VIL’ FR F 10 
LINCOLN Gl R rely Ue HAMPTOM 266 VIII R Faaaw @al<t. 
17 16 
CLARK 63 IV R EG alo HARDEE Vielen Ge Bhs 
16 16,19 
CUSTER IV R F Ve) 20 
PERRY IV R Fea «16 HUTTON VIII R F 10 
SCOTT IV R F ‘he LA GREEN VIII R F 1a 2n 
BAY V R F 10 NANKING NO. 417 VEEL CR FsGo ob3s 
BEDFORD V R F 10 (Foreign) 16 
DARE V R [ 19 OTOOTAN VIII R PiGer elo: 
ESSEX V R iF 10 18 
FORREST V R F 10 STUART VELLCGR E.G. t6 
HILL V R Ria. “bos DORTCHSOY ? R F 1,21 
16, EC324-1 ? R E 19 
19 EC326-2 ? R F 19 
CENTENNIAL VI R i. 10 EC2433 ? R F 19 
DAVIS VI R F hehe EC2519 ? R ie 19 
16; EC2542 a R F 19 
Wes EC2581 ? R F 19 
22 EC6103 2 R E 19 
HOOD VI R sae os EC7042 - R FE 19 
16 EC26738 ? R F 19 
LEE VI R Fate ns Milas EC30201 ? R F 19 
16, EC30205 ie R F 19 
20 EC30206 ? R = 19 
OGDEN VI R F ya Roos EC30209 ? R bi 19 
21 EC34071 ? R F 19 
OGDEN VI MS G 8 EC37056 ? R F 19 
OLD DOMINION VI R i i EC37061 ? R i 19 
PICKETT VI R rote LO EC39498 7 R F 19 
PICKETT VI MS F 16 EC39501 : R F 19 
TRACY VI R F 10 EC39761 rs R i 19 
BOSSIER VII R Esay “16 EC39795 ? R 'e 19 
BRAGG VII R pat he La GLYCINE-16 fs R eat Oe 
13; 17 
EO; 
19 C202 ? R Eas eo 
CNS VII R e hss 1€217 : R Pee MGT ote 
Gea 19 
GASOY 17 VII R F 10 1¢574 ? R eee 0 ne 
PATMETTO VII R F fal oS ie. 
21 1€13006 ? R FeGo = ho 
PUNJAB-1 (Foreign VII R 2 1] JS-3 ¢ R IF 19 
Variety) MISS-28 ? R F,G 16 
PUNJAB-1 (Foreign VII HS F 13 PLSO3 ? R PG 1.0 
Variety) PLS06 ? R F.G 16 
RANSOM VII R F 10 PLSO11 7 R FE 16 
SEMMES VII F BiG 316% PLSO17 ? R F 19 
20 PLSO26 ? R F 19 
WOODS YELLOW VII R F 18 PLS028 ? R F 19 
AVOYELLES VitlegR F.G 16 PLSO31 e R F 19 


4Maturity group. R=resistant; MR=moderately resistant; HS=highly susceptible. CF=field; 


G=greenhouse. 4References cited, by nunber. 
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$379 
UPSM-215 
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V-54 
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Pawe woocke 
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88443 
92469 
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79756 
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87628 
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88355 
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88442 
88495 
89064 
89065-2 
89153 
90570 
91117 
92109 
92561 
92569 


Reac- 


MG2 tionD Testc 


? R 
? R 
? R 
: R 
? R 
fs R 
? R 
? R 
& R 
? R 
? R 
? R 
? R 
? R 
: R 
rs R 
0 MR 
I MR 
I MR 
I MR 
I MR 
I MR 
I MR 
I] MR 
I] MR 
Il MR 
II MR 
ET MR 
I] MR 
rt MR 
I] MR 
I] MR 
id MR 
i MR 
I] MR 
ip MR 
ig MR 
I] MR 
I] MR 
PE MR 
I] MR 
I] MR 
1 MR 
ai MR 
ET MR 
I] MR 
Ei MR 
I] MR 
II MR 
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159095 
159096 
159097 
165675 
165676 
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171446 
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165524 
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SOYBEAN MOSAIC 


CAUSAL AGENT: Soybean mosaic virus 
IMPORTANCE: Soybean mosaic is world- 
wide in distribution. The disease was first 
observed in the United States in the early 
1900's and is believed to have been intro- 
duced with the first soybeans brought from 
the Orient. Soybean mosaic is regarded as 
one of the most important diseases in many 
areas of the world. Yields may be reduced 
coepercent. or more’in the field., With ex- 
perimentally inoculated plants, a reduction 
aneyteld or up to: 935:percent has been re- 
corded. Yields were reduced bya lowering 
of seed size and weight and by a decrease 
in the number of seeds produced from virus- 
anfected plants: Seed quality for process- 
ing is reduced because diseased plants pro- 
duce seeds with mottled seed coats and a 
reduced ability to germinate. 


SYMPTOMS: Soybean mosaic virus can be 
seed-borne. Infected seeds fail to germi- 
nate, or they produce diseased seedlings. 
Seedlings from infected seeds are spindly, 
with unifoliolate leaves that are curled 
longitudinally downward and that are rugose 
(crinkled). These leaves become prematurely 
chlorotic and subsequent trifoliolate leaves 
are more severely stunted, mottled, and show 
rugosity to an even greater extent than the 
unifoliolate leaves (Figure 14). 

Plants infected early in the season are 
stunted, with shortened petioles and inter- 
nodes. The leaves are stunted and are 
generally misshapen and puckered—occasion- 
ally, with dark-green enations along the 


veins. Affected leaflets usually are asyn- 
metric and curl downward at the margin. The 
youngest and most rapidly growing leaves 
show the most severe symptoms. As maturity 
approaches, the leaves of infected plants 
remain greener longer than those of plants 
thate-ares not antrected. 

Susceptible cultivars show transitory 
Symptoms within 6 to 14 dates after mechanical 
inoculation. The symptoms appear as a 
yellowish vein clearing along the small, 
branching veins of young leaves. Typical 
rugosity generally appears on the third 
trifoliolate leaf formed after inoculation. 
Increasingly more severe symptoms develop 
on subsequent leaves, which eventually show 
dark-green enations along the main veins. 
The enations may be scattered, or may be 
aligned on either side of the veins. Leaf- 
lets may become chlorotic among enations 
near the margins. Leaf margins frequently 
curve downward at the sides. In some 
cultivars, plants may develop progressive 
necrosis, ultimately reaching the terminal 
bud. Leaves on branches become severely 
stunted, mottled, distorted, and dotted with 
NECTrOLIC Spots, 

Symptom development depends on the 
temperatures. Rugosity is most severe if 
infected plants are frown at cool tempera- 
tures (around 18° C.). Symptoms are less 
severe at 24° to 25° C. and are largely 
masked at temperatures above 30° C. The 
temperature has alsoaconsiderable effect 
on the time between inoculation and symptom 
appearance, ranging from 4 days at 29.5° C. 
topldbdays ace1e.5°°G: 


Figure 14. 


Soybean foliage 


(ose aq) 


showing symptoms 


fection by the common strainof soybean mosaic virus. 


(RIGHT), healthy leaf (LEFT). 


95 


The severity of symptoms at any given 
temperature varies from cultivar to culti- 
var and according to-the Viralystrain.~)ia- 
fected plants of different cultivars at 
20° C. may show symptoms varying from normal- 
looking to rugose leaves (Figure 14), and 
from severely stunted to normal height. 

Symptoms may appear on pods, particu- 
larly in susceptible cultivars. The ex- 
pression of pod symptoms is a function of 
cultivar susceptibility, time of infection, 
viral strain, and temperature. Diseased 
pods often are stunted and flattened with 
less pubescence; also, more acutely curved 
than pods on healthy plants. Viable seeds 
produced in diseased pods are usually smaller 
with lower germination compared to seeds 
from healthy plants, and may be mottled 
brown or black. No consistent relationship 
has been found between virus-infected seeds 
and the location of seeds within a pod. 


RESISTANCE: The selection of soybean 
cultivars for resistance to soybean mosaic 
virus has been in symptom-development foli- 
age as well as rate of seed transmission. 
Screening for both types of resistance has 


SOYBEAN MOSAIC: 


ln ~CHOWME. Ke and sR.M= GOODMAN 2ap2o7 9. 


based on virulence in resistant soybean cultivars. 


2.1 (COOPER VaR £906. 
Crop) Se1.0 6: 290-292. 


3. DUNLEAVY,. J..M. 
beans: 
Madison, Wisconsin. 


Lo73. 


Strains of soybean mosaic virus: 


Viral diseases of soybeans. In: 
Improvement, production, and uses, p. 505-522. 


been done on the tropical soybean collection. 
The variation in reaction by accessions sug- 
gests that various isolates differ in the 
severity of the reaction as well as in their 
ability to induce symptoms and be seed-borne. 
The following accessions were found to 
be resistant to isolate SMVI1-S: Arisoy, 
Dorman, Hood, Tokyo, UFV-1; and, P.i."s 
209908 and 325779. There was no evidence 
of seed transmission of SMVI1-S in: Cloud, 
Manchu 2204, Mukden, Virginia; and P.I.'s 
68680, 70019, 70036, 88303, 9LIIS> S2ZGe8, 
92718-2, and 360835 (5,6). Goodman et al. 
[4] reported the following to be nontrans- 
mitting lines (with maturity group): Merit 
(0), Mukden (II), Cloud (III), Manchu 2204 
(III), FC 31678 (111), Virginias(itieae 
Arisoy (VIII); also, P.1:* s3602772etiwe 
68680 (II), 70036 (1II),»88303 (Gh) oie 
(II), 92684 (II), 360835 (11) 70Gfo atria 
92718-2 (III), 203406 (VIII), S25775a ae 
and 240664 (X). Goodman and Oard [7] found 
that some accessions contain both tolerance 
for SMV and a low incidence of seed trans- 
mission. The work on seed transmission and 
resistance to SMV was reviewed by Irwin and 
Goodman [11]. 
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Table 14. Soybean mosaic (soybean mosaic virus), reaction of soybean cultivars and plant 
introductions, by maturity group 
Reac- Ref. Reac- Ref 
Strain MG? tionD Test© no.d Strain MG? tion?” fese ace 
SEMMES ViT7 au G 18 
MUKDEN II R F 6 TOKYO VERE IR Peg lget4 
CLOUD LE R i 6 Pes 
MANCHU 2204 Lt R F 6 ped ores 1 eo) VII R G 18 
VIRGINIA V R F 6 Pl. 55069 V R G 17 
DAVIS VI R F 15 9025] V R G 17 
JACKSON VII R G 18 92743 V R G Ly. 
ARISOY Vidi eaR F 6 96089 V R G 17 
BIENVILLE VID}. F 13) 96983 V R F.G Poet 
UFV] VIITGR FE 6 170893 V R G VW 
Erte 3678 Lis R F 6 170899 V R G 17 
PCP oi6eeg VII R F 8 148260 VI R G 17 
CAMPOS GERAIS ts R F 1 209908 VI RMS G it: 
SHIH- SHIH ? R F 19 85416 VII +. RjMgSaee if 
PL i. 60279 ial R F 6 200530 VII R G 7 
68680 II R F 6,8 
70036 ibe« BR F 6 SMV 
88303 II R F 6 2 
91115 II R F 6 
92684 Il R F 6 DORMAN V L G lg 
360835 I] R F 6 YORK V L G 17 
70019 Tir” oR F 6 HOOD VI L G 17 
92718-2 TEL) iB F 6 OGDEN VI R F 17 
96983 \ R F 8,15 TOKYO VII S W 
170893 \ R F 8 FLChw +3 V689 VII R,S,M G We 
170899 \ R : 8 Ps Le 250089 V Ski G 7 
227555 \V R E 8 90251 V L G 17 
148260 VI R F 8 92743 VII M G i. 
230973 Whe £8 F 8 96089 V L G 17 
203406 VIII R F 5,8 96983 V R G ei 
325779 IX R F 6 170893 V R G 17 
240664 X R F 6 170899 V R,M,S G 7 
148260 VI RMS 2G TF 
SMV 209908 VI R G ( 
| 85416 VII M G 17 
ere : 5 : vA 200530 Vid okt G 17 
MANDARIN I R G 14 SMV 
DARE V M G 18 3 
DORMAN V R G 17 
VIRGINIA V R a 14 DORMAN V M G 14 
YORK V E G 7 YORK V TP i Peso. 17 
YORK Vy R G T3518 HOOD VI R G 17 
DAVIS VI R G 13,48 OGDEN VI R ie iWé 
HOOD VI 36h G 17 F.C. 31689 VII R, 55m he 
M.S TOKYO VII R 3 17 
EEE VI M G 18 P.I. 55089 V M G 17 
LEE VI S F 13 90251 V M G Le, 
OGDEN VI R FAG tao nits 92743 V M G 17 
18 96089 V M G lis 
BRAGG VII °M G 18 96983 V R G Le 
RANSOM VII M G ‘bs 170893 V R G Le 


aMaturity group. 


mottle; N=necrosis; B=blister-like symptoms. 


by number. 
1976. 


“Isolated by Ross, 1969. 
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R=symptomless; L=necrotic local lesions or inoculated plants; M=mosaic 
CF=field; G=greenhouse. 
Isolated by Goodman, 1975. 
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Ref 


Test© no. 
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TABLE 14—CONT'D (2) 


Reac- Ref. Reac- aoa 

Strain MG? tion? Test© no.¢ Strain MG* tion? Test© no. 

DAVIS VI M F ] KWANGGYO ? N F ] 

KWANGGYO ? N F ] MARSHALL ? N F ] 
Pabe -, 96963 V S F 6 

G 
ee SMVB 

Meas ee ale YORK i eae Gouna 

DAVIS VI M F ] 

DAVIS VI R G 18 
ead bys ait me TOKYO VII N.B eee 
MARSHALL ? N F ] = 

SMVI1-S 

HOOD VI S F 6 
YORK V M F ] BUFFALO Ville F.G 6,16 
DAVIS VI M F ] P.I. 324068 Vib oe Fo 6,16 
OGDEN VI N iz ] 341242 IX R F.G 6,16 
TOKYO VII S F 6 374193 X R FG 6,16 
BUFFALO VIII N F 6 HERNON 147 ¢ R F 6 
4Maturity group. R=symptomless; L-necrotic local lesions or inoculated plants; M=mosaic 


mottle; N=necrosis; B=blister-like symptoms. 
©Tsolated by Ross, 1969. 


by number. 
1976. 
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°F=field; G=greenhouse. 
Isolated by Goodman, 1975. 
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BEAN YELLOW MOSAIC 


CAUSAL AGENT: Bean yellow mosaic virus 
IMPORTANCE: Yellowmosaic is caused by 
the bean yellow mosaic virus (BYMV). Mixed 
infections of BYMV and soybean mosaic virus are 
not uncommon on soybeans, and are referred 
toas"'soybean mosaic."' The effects of yel- 
low mosaic onthe agronomic performance of 
soybeans have not been investigated. 
SYMPTOMS: The initial symptoms are 
essentially the same as those produced by 
the soybean mosaic virus at later stages. 
A conspicuous yellow mottling of the leaves 
geecnarecteristic (Figure 15). The yellow 


areas are scattered or occur in indefinite 
bands along the major veins. Rusty, necro- 
tic spots appear in the yellow areas as the 
leaf matures. Some strains of BYMV produce 
a severe mottling and crinkling of leaves 
(Figure 15). The symptoms appear in 12 days 
after inoculation at 18° C., 7 days at 
24° C., and 5 days at 29° C. However, the 
Symptoms are more severe at lower tempera- 
tures. Inoculation of resistant cultivar 
gives local lesions. 

RESISTANCE: Resistance has been re- 
ported in 4 cultivars and 1 Plant Introduc- 
tion (Table 15). 


Figure 15. 
(LEFT), healthy leaf (RIGHT). 
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os SINCLAIR, J.B., and M.C. SHURTLEFF. 
Phytopathol. Soc., St. 


4. SINCLAIR, J.B., and 0.D. DHINGRA. 
1882-1974. 
Urbana-Champaign. 


i975. 


280 p. 


and yellow mosaic disease of soybean. 


6. SINGH, B.B., and A.S. MALICK. 
soybean. 


1978. 


101 
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Resistance in Glycine max to isolates of bean yellow mosaic 
PlantebDis.eReptr. 59;917-919. 


Compendium of soybean diseases. Amer. 


SUED: 


An annotated bibliography of soybean diseases, 
INTSOY Series No. 7. College of Agriculture, University of Illinois at 


Sources of field resistance to rust 


Inheritance of resistance to yellow mosaic in 
Indian J. Genet. §& Plant Breeding 38:258-261. 


Table 15. Bean yellow mosaic (bean yellow 
mosaic virus), reactions of soy- 
bean cultivars and plant intro- 
ductions, by maturity group 


Reac- Ref, 
Strain MG? tion? Test no. 
SWIFT 0 R FaGrin 3 
CORSOY I] R BeGe 2 
WILLIAMS Tian rCGrrys 
CUTLER IV R FeGiuve 2 
P.I. 171443 VI R hyG: #354 
aMaturity group. DR=resistant; S=suscepti- 


ble. CF=field; G=greenhouse. dReferences 
cited, by number. 
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COWPEA CHLOROTIC MOTTLE 


CAUSAL AGENT: Cowpea Chlorotic mottle 
virus (soybean strain) 


IMPORTANCE: Cowpea chlorotic mottle 
virus (CCMV), which commonly occurs on cow- 
peas, was first identified on soybeans in 
1967. A distinct strain of the virus, des- 
ignated as CCMV-S, infects soybeans. Most 
soybean cultivars are resistant to CCMV-S, 
in that they produce only local necrotic 
lesions when inoculated. The disease is 
of minor importance. In systemically in- 
fected cultivars, yield losses range be- 
tween 20 and 30 percent when plants are in- 
fected early. 


SYMPTOMS: Leaves formed after inocula- 
tion are mottled and slightly crinkled, and 
tend to be more upright than normal leaves 
(Figure 16). The intensity of mottling in- 
ereases on young Jteaves. Plants are. stunt- 
ed and produce fewer seeds. Local necrotic 
lesions are proauced on resistant cultivars. 
Veinal necrosis occurs ontypes with an in- 
termediate resistance to the: disease. The 
CCMV-S strain causes systemic infection in 
certain soybean cultivars, and can be dis- 
tinguished from CCMV by its low infectivity. 

RESISTANCE: A number of soybean culti- 
vars are resistant to the cowpea chlorotic 
mottle virus. (Table 16). 


Figure 16. Mottled leaves of soybeans infected with 
cowpea chlorotic mottle virus-S. 
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An annotated bibliography of soybean diseases, 
College of Agriculture, University of Illinois at 


Table 16. Cowpea chloratic mottle (cowpea 
chloratic mottle virus), reac- 
tions of soybean cultivars, by 
maturity group 


Reac- Ref. 


Strain MG? xion>: Pirese® Sno 
DARE V R Fe ] 
DYER V R F ] 
gaye V R i ] 
BEE VI R F ] 
PICKETT VI R Fe ] 
BRAGG VII R F ] 
CNS VII R F ] 
BIENVILLE VIII R F ] 
HARDEE VIII R ie ] 
STUART VITI R F ] 
4Maturity group. PR=resistant, necrotic le- 
sions. SPefieide References, cai teds by 
number. 
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PEANUT MOTTLE 


CAUSAL AGENT: Peanut mottle virus 


SYMPTOMS: Mild and severe strains have 
been reported as infecting soybeans. The 
first symptoms appear as small, enlarging, 
chlorotic areas. Dark-green islands are 


produced on young leaves (Figure 17). Leaves 
developing after inoculation show general, 
mosaic-type symptoms. 

RESISTANCE: Eleven soybean cultivars 
have been reported as having resistance to 
the peanut mottle virus (Table 17). 


Figure 17. Peanut mottle symptoms on soybeans. 


PEANUT MOTTL 
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Table 17. Peanut mottle (peanut mottle virus), reactions of 
soybean cultivars, by maturity group 


Reac- Ref. 
Strain MG@ tion Test© no.¢ 
PEKING IV R FG ] 
DORMAN V R FG ] 
VIRGINIA V R FG ] 
ARKSOY VI R F.G ] 
CURTIS VI R FG ] 
DAVIS VI R FG ] 
HABERLANDT VI R F.G ] 
PINE DELL PERFECTION VI R FG ] 
RALSOY VI R FG ] 
CNS VII R FG ] 
HARDEE VIET R FG ] 


4Maturity group. bR = resistant. CF = field; G = greenhouse. 
dReferences cited, by number. 
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V. NEMATODE DISEASES ; 
Of) 
. ) é 
j Pert Ln — 


ROOT-KNOT NEMATODE 


CAUSAL AGENTS: Meloidogyne spp. including M. 
arenarta (Neal) Chitwood, mM. 

hapla Chitwood, M. tneogntta 

(Koifoid § White) , M. tneogntta 
aertta Chitwood, M. tncognita 
wartellet (Golden and Birch- 

field), M. javanica (Treub.) 

Chitwood and M. naast Frank- 

lin. 


IMPORTANCE: The disease has been re- 
ported from most soybean-growing areas of the 
world. Maximum damage occurs in warm climates 
and more on the sandy, light-textured soils 
than on heavy soils. Yield losses among sus- 
ceptible cultivars ranging from 30 to 90 per- 
cent have been reported from Florida. A high 
incidence of root-knot nematode infection 
brings about adrastic reductionin top growth, 
a decreased formation of Rhizobium nodules, 
and an increased susceptibility to vascular 
pathogens. 

SYMPTOMS: Infected plants may show 
varying degrees of stunting and yellowing; 
also, a tendency of wilt under moisture stress 
during hot, dry weather. The disease can be 
identified by the presence of knots or galls 
of varying sizes and shapes on the roots of 


a4 
> ie 
x 


% 


Figure 18. Galls produced 


infected plants. Nematode larvae infecting 
the roots near the root tips cause an en- 
largement by initiating hypertrophy and hy- 
perplasia of infected and adjacent tissues. 
Typically, galls that are either spindle- 
shaped or almost spherical and rough to ir- 
regular are scattered on the main and branch 
roots (Figure 18). The individual gall var- 
ies from about the size of apinhead on small 
roots to 20 millimeters on large roots. The 
size of the gall depends on the root-knot 
nematode species involved, the level of nem- 
atode infection, and the susceptibility of 
the cultivar. 

The vascular elements of infected tis- 
sues are disrupted, thus inhibiting the flow 
of water and nutrients from the roots to the 
top of the plant. Excessive lateral branch 
root formation is initiated with M. hapla. 
The dry weight of the root increases signifi- 
cantly, while the weight of the shoot decreases. 

RESISTANCE: Acomplete study, or screen- 
ing for the resistance of cultivars and acces- 
sions to the various Melotdogyne spp. or vari- 
ations within a species has not been done. 

We report on observations about selected cul- 
tivars and Plant Introductions for resistance 
to Meloidogyne spp. (Table 18). 


. 7 


on soybean roots by the 


root-knot nematode Meloidogyne spp. 
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Table 18. Root-knot Nematode (Meloidogyne spp.), reaction of soybean cultivars, by maturity 
group 
Reac- Ref. Reac- Ref. 
Strain MG2 tionb Test© no. Strain MG@ tion Test© no.4d 
MUKDEN i 6S G 1 
RICHLAND II S G 4 
HAROSOY II 5 G 4 ADAMS Ti S G 4 
HAWKEYE tl S ° eS BETHEL IV HR G ] 
RICHLAND sie) S G 4 DELMAR IV R G ] 
ILSOY tid Ss F 13 DORMAN V 5 G 4 
DELMAR IV 5 ie Ts FORREST V R FG Lia a 
PEKING IV S F 13 HILL V LR G ] 
DYER V S F 13 LAREDO VI HR G ] 
FORREST V R 2 8 EEE VI FT F 9 
HILL V S F 13 LEE VI S G 4 
FIG. 03659 VI R F fi BRAGG VII R FG eos ll 
LAREDO VI S Fi 1S F.C. 30967 VII LR G ] 
LEE VI MR G 4 JACKSON VII R G 4 
CREOLE VII R F 7 PALMETTO VII R F 7 
Fre. 30967 VII R > y PALMETTO VII S G ] 
JACKSON VII R 2 ff SEMINOLE Vitis G 4 
JACKSON Vit = ie 4.13 HARDEE Vettes F 1] 
TANNER VII R F 7 HUTTON VIII R 3 atl 
HAMPTON WLLie +s P 13 IMPROVED PELICAN VIII S G 4 
HARDEE Wiis oS F i 
BRAXTON Sera” 2 °F 13 
GOVAN VII R F 13 
P.I. 157406 V R F i BLACKHAWK I HR F 3 
171436 VI R F 7 HABARO I R ri 3 
171437 VI R F i MANDARIN 507 I R e 3 
171444 VI R F 7 MENDOTA I R F 3 
200449 VI R E 7 MONROE I HR F 3 
221972 VI R fs 7 HAROSOY sey 5 G 4 
229320 VI R F 7 HAWKEYE II S F 10 
360834 VI R F fi MUKDEN II HR F | 
360851 VI R 2 i RICHLAND TJ S G 4 
Sr DLL VI R i 7 ANDERSON IV HR F 3 
381679 VI R F Z DELMAR IV R ie 15 
165947 VII R E x PEKING IV R F 3 
200523 VII R F 7 DORMAN V S G 4 
200549 VII R 3 7 VIRGINIA V R L 15 
319526 VII R F y HABERLANDT VI R F a 
LAREDO VI HR F 3 
LEE ies G 4 
JACKSON VII R G 4 
BLACKHAWK I S F 3 ROANOKE VII S G 4 
MONROE I Ss F 3 IMPROVED PELICAN VIII S G 4 
HAROSOY II R G 4 SEMINOLE Vi Eis G 4 
MUKDEN ifn S F 3 
ADAMS ce S G 4 
ANDERSON IV S bi 3 KAHALA IV R : 5 
KAIKOO IV R ie 5 
MAKAPE SUMMER IV R iF 5 
CAPITAL 0 S G 4 FORREST V MR G 14 
BLACKHAWK I S G ] BILE V R FG 18 
HABARO I S G ] LAREDO VI R FG 18 
MANDARIN 507 I S G ] PICKETT 71 VI S FG 14,18 
MENDOTA I S G ] BRAGG VII S FG 18 
MONROE I S G ] PALMETTO VII R F.G 18 


11] 


TABLE 18—CONT'D (1) 


Reac- Ref. 
Strain MG2 tionb Test no.d 
FORREST V R F 1] 
PICKETT 71 VI S F 1] 
BRAGG VII R F 1] 
HARDEE VIII 5 F 10 
HUTTON Viti R F 4 
LAREDO VI S F 3 
BRAGG VII R F bie} 


aMaturity group. HR = highly resistant; MR = 
moderately resistant; R = resistant; LR = low 
resistance; S = susceptible; FT = field tol- 
erant. CF = field; G = greenhouse. Refer- 
ences cited, by number. 
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SOYBEAN CYST NEMATODE 


CAUSAL AGENT: Heterodera glycines Ichinohe and nutrients to the top of the plant. In- 
fected plants may defoliate prematurely. 
IMPORTANCE: The soybean cyst nematode Yield losses caused by the nematode vary 
is a serious pest in China, Japan, Korea, from slight to 90 percent, depending on the 
and the United States, where it is considered degree of infestation, soil fertility, cul- 
a major threat to soybean production. The tivar susceptibility, environmental condi- 
disease caused by the nematode was first tions, and the race of the nematode involved. 
observed in Japan and was named "yellow The disease is more severe if root-knot ne- 
dwarf,'' because of the conspicuous symptoms matode and/or pathogenic soil-borne fungi 
produced on heavily infected plants. The or bacteria also infect the roots with the 
disease was reported in the United States cyst nematode. 
in 1954 and now occurs in parts of midwest Light to moderate infections of the 
and Southeast States. cyst nematode stimulate an overproduction 
SYMPTOMS: The above-ground symptoms of lateral roots. The root systems of heavi- 
are not diagnostic, since similar symptoms ly infected plants are drastically reduced, 
may be produced by other pathogens. Symp- necrotic, and practically devoid of Rhizobtum 
toms of the soybean cyst nematode disease do nodules. A careful removal and examination 
not appear if the number of nematodes is of the root system shows the minute, white- 
low. Where nematode populations are high to-yellow females and brown cysts, somewhat 
and environmental conditions are ideal, in- smaller than the head of a pin, which can 
fected plants become severely stunted and be seen clinging to the roots (Figure 19). 
chlorotic; hence, the name "'yellow dwarf." RESISTANCE: The use of resistant culti- 
Chlorosis is mainly due to a deficiency of vars has been highly successful in minimiz- 
nitrogen, resulting from the inhibition of ing crop losses. The screening of all germ- 
Rhtzobtum nodule formation. Syncytia formed plasm collections has not been done, but the 
in the vascular cylinder in response to the studies reported show that there may be many 
nematode severely disrupt the flow of water isolates or races of the nematode (Table 19). 


Figure 19. Cysts of the soybean cust nematode, Heter- 
odera glycines, on soybean roots. 
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Table 19. Soybean cyst namatode (Heterodera glyeines), reaction of soybean cultivars and 
plant introductions, by maturity group 


Reac- Ref. Reac- Ref. 
Strain MG? tion Test© no.4 Strain MG? tion Test© no.d 
PEKING IV R ees CLOUD III R G 4 
PICKETT VI R Lb 5 28 COLUMBIA III R G 4 
P.I. 88788 trl Ps Pest PEKING IV R F 15 
90763 IV R i Beco ne P.l. 79693 III R F 1B 
28 87631-1 III R pee 
88788 III S F 15 
84751 1V R ee 
89772 1V R gion 
PEKING Tyereres pee 90763 IV R F 15 
PICKETT VI S Waa 91684 IV S F 15 
P.I, 88788 Wh ec EPs 28 
90763 IV R Waeier 
28 
PEKING IV R F 15 
P.1. 79693 III R as |: 
84611 IIL MR F 15 
PEKING 1V R ; 2s 87631-1 III R F 15 
BEDFORD V R ee tee 88788 III R F 15 
FORREST V R pl sg 90763 IV R F 15 
CENTENNIAL VI R ae 91684 IV S F 15 
PICKETT VI R (er 5 on 
P.1. 88788 fi er Bis: 
90763 IV R Reece. 
28 PEKING IV R F 15 
P.I. 79693 III R F 15 
87631-1 bike acs tate 
88788 III R F 15 
PEKING IV S G4. 5.2% 90763 IV R F 15 
BEDFORD V R pL eS 91684 IV S F 15 
FORREST V S Rstien6 
PICKETT VI S Vig: 
P.I, 88788 i G 4,27 
88788 fies oF) 528 PEKING 1V R F 15 
90763 IV MR gop Bi siecle) III S F 15 
90763 IV S Poe Bale 88788 III R F 15 
90763 IV R F 15 
91684 IV S pare 
PEKING IV R ai ae 
PINE DELL VI R eS 
PERFECTION PEKING IV R F 15 
Wiikey ir ee aueaniks PINE DELL VI S F 15 
88788 fete Ears PERFECTION 
90763 IV R eaaeiits Pt Bresiel III R F 15 
91684 Wie es ceamedi 88788 III R F 15 
90763 IV R F 15 
91684 IV S F ie 
PEKING ves pene 
P.I, 88788 Tia Fay gH 
90763 IV R py eats PEKING IV R F 15 
91684 IV R ioe Ls PI. 79693 III S F 15 
Maturity group. R=resistant; MR=moderately resistant; S=susceptible. F=field; 


G=greenhouse; L=laboratory. dreferences cited, by number. 
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Strain 

Pole Go; oc 
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